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Concerning Tensile Strength 


Before the days of steam and steel, tensile strength was a vital property 
of rope and timber, the toughness of which had to withstand the 


strongest elements. Today, high tensile strength in metals is impor- 
tant, and for die casting MAZAK based on zinc of 99°99+% 
purity, fulfills this need with its T.S. of 18 tons per sq. in. 


(Formnifinmey WLAN 


IMPERIAL SMELTING CORPORATION (SALES) LIMITED @ 37 DOVER STREET @ LONDON, W.1I i 
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SPECIALISED ATTENTION 


“Dear Sirs, 
for the past ten years we have obtained the castings for our 
Mark 16 metal spraying pistols from you. The vital close- 
grained structure with freedom from porosity are essentials 
to our product, and are the basis of a precision tool. The 
high standard of finish which we are able to obtain has been 
extremely satisfactory to ourselves and our customers in all 
parts of the world.” 

METALLISATION LIMITED 





Much of our customers’ satisfaction is 
the result, we believe, of the specialised 
attention given by every departmen: 
throughout every stage of production. 
In addition, Birmal offer you a Design 
Consulting Service, unbiassed assist- 
ance in selecting alloy and casting 
process, and a wide choice of specifi- 
cation. All of which extra facilities 
are part of the Birmai Service. 


YOU GET MORE THAN A CASTING FROM 
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(fee Re 4 N°3A CAPSTAN LATHE 


Height of centres per 6}in. 
Spindle hole dia. an IZin. 
Auto. chuck will take dia. Idin. 
Swing over bed, max. dia. 13gin. 
Swing over cross-slide ... 7 in. 


Ward machines are designed ‘and built to get 

the best out of tungsten carbide, their metal 

removing capacity being limited only by the 
cutting tools used. 


H.W.WARD &CO.LTD 


SELLY OAK /¢~. BIRMINGHAM 29 


TELEPHONE ’ ao, SELLY OAK 113! 
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~ 
Lathes, like people, outlive a great many 
others if they are given a stout heart and 
sound limbs. The heart of a Lang lathe, its 
headstock, has shaved or ground nickel- 
chrome gears and its spindle runs in a pre- 
loaded spherical roller bearing. The main 
structure of a Lang is rock steady under 
the i stresses imposed 


by tungsten-carbide tools. 








Sliding, Surfacing & Screwcutting Lathes, 12 in. to 36 in. swing. 
* Junior’ Sliding, Surfacing & Screwcutting Lathes, 13 in. and 17 in. swing. 
Surfacing & Boring Lathes, 20 in. to 72 in. swing. PLEASE WRITE 
‘Junior’ Surfacing & Boring Lathes, 13 in. and 17 in. swing. FOR DETAILS 


i Oy nal 


JOHN LANG & SONS LTD. 


JOHNSTONE NEAR GLASGOW 
Phone JOHNSTONE 400 
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, . " 
Grinding a pinion shaft on a 42in. swing plain grinder Chu we laullll 


When you consider that the largest and heaviest Churchill Plain 
Grinders are built to the same high degree of accuracy as the 
smallest Churchill toolroom Grinders you then have another 
reason for their pre-eminence in industry. 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, MANCHESTER. | 


Export Sales Organisation Associated British Machine Tool Makers Ltd. 
London, Branches & Agents } 

Home Selling Agents... ont ont ose ome oes eee Charles Churchill & Co. Ltd. 

Birmingham & Branches 


ACCURACY on the BIG JOBS 








TER, 


s Led. 
Agents } 


». Led. 
inches 


| 


C77 








JOURNAL OF THE INSTITUTION OF PRODUCTION ENGINEERS Vii 








“And | wouldn’t say ‘no’ toa 
drink for every twist drill 
Monks & Crane keep in stock.”” 


** Wouldn’t do, old boy. 
You’d never survive to see them off.’’ 


“Well — make it for every item then.”’ 








** Still formidable. But I’ll 
tell you what... I’ll stand you a drink 
every time Monks & Crane let you down.”’ 


** You’re on to a good thing — 
they haven’t disappointed me in years!”’ 


ae PA 
@, i 








BRITAIN’S 
FOREMOST DISTRIBUTORS 





MONKS & CRANE LTD 
THE TWIST DRILL SPECIALISTS 


London Office : Head Office: Manchester Office : 
295 EUSTON ROAD STANHOPE STREET MANCHESTER OLD ROAD 
LONDON, N.W.|I BIRMINGHAM, 12 RHODES, MANCHESTER 


Tel: EUSton 5311 (3 lines) Tel: Calthorpe 1381 (5 lines) Tel: Middleton 3654 (3 lines) 
Grams: Emancee, London Grams: Emancee, Birmingham Grams: Emancee, Middleton, M’ter 


SM/MC 802d 
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Spurs — helicals — incernals — seem gears— 
racks—special shapes, all are being produced 
on the outstanding economical MAXICUT 
Gear Shapers, in the. production piants of 
Britain. The design incorporates every 
facility for rapid production and relief of 
operator fatigue, while the high standard 
of manufacture ensures a degree of accuracy 


second to none. 


Keep ahead with 


DRUMMOND BROS. LTD., GUILDFORD, ENG 


PRODUCTION GEAR SHAPERS 


Sales and Service for the British Isles: 


DRUMMOND-ASQUITH (SALES) LTD 
King Edward House * New Street - BIRMINGHAM 
Phone: Midland 3431 (5 lines) Grams: Maxishape, B'ham 


ALSO AT LONDON AND GLASGOW 





Anderson 
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Because no other lathe’ offers the same high 
standard at such reasonable price. 
Brief Particulars :— 

9" swing over bed. 24" or 40" between centres. 
Shaved gears in headstock and gear train. 
Spindle speeds 31-720 or 31-1440 r.p.m. 
Three-speed or Norton Gear Box. 


Available through leading Machine Tool Merchants 
=— T. S. HARRISON & SONS LTD., HECKMONDWIKE, YORKSHIRE. 
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A Working 


TWWFPI is the answer to the 
hundred and one problems involved 
in tactory planning and plant in- 
stailation. It is the efficient com- 
bination of the resources of the 


Thos. W. Ward group aligned with 
the spec:alised experience of the 


Company’s F.P.l. Department. 
Together, as TWWFPI, this 
comb.nation can provide the 
key to production reorgani- 


Combination 


sation, to new factory layouts, to 
the moving of a singie machine, or 
transfer of a complete works from 
one site to another. No job is too big 
nor any job too small for TWWEPI. 
Briefly. TW WFP! has the equipment, 
the transport, the personnel and the 
know-how to tackle any problem 

in this particular field. May 

we send you details. of the 

complete TWVYVFPI service ? 


Write for the booklet “ FACTORY PLANNING & INSTALLATION” 


THOS. W. WARD LTD. 


ALBION WORKS - SHEFFIELD 


PHONE : 26311 (22 LINES) 


GRAMS: “ FORWARD, SHEFFIELD” 


London Office : 


BRETTENHAM HOUSE, 


LANCASTER 


PLACE, STRAND, W.C.2 
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SEE THEM AT OLYMPIA. 
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INTERNAT'ONAL 
"roo. : 
EXHIBITION A comprehensive range of 


CoMeT 


CUTTING TOOLS 


Thousands of satisfied users sub- 
scribe to the veiw that Comet 
Cutting Tools are unrivalled in 








performance and reliability. 





& CO.LTo 


COVENTRY ROAD, SOUTH YARDLEY, BIRMINGHAM 
Also at LONDON, MANCHESTER, GLASGOW and NEWCASTLE -ON-TYNE 
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Irregular shaped contours can be produced on flat or circular form tools, male A 
or female profile gauges, punches, die segments, etc., in any material including t 
tungsten carbide. ‘ 
Combining the functions of a universal tool-room grinding machine, a fifty-to- ; 
one pantograph and a projection unit providing } f 
the optional use of a screen or microscope as an i s 
inspection unit, it is a high precision machine t 
capable of producing precise forms to the highest I 
standards of accuracy. f 
g 
t 
/ 
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WICKMAN of COVENTRY x: 
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| OPTICAL hay sonmeis MACHINE | 






A fifty-to-one drawing of the desired profile is mounted on 
the drawing table of the machine and is used in conjunction 
with the pantograph system. The pantograph imparts a 
fifty-to-one reduction to its final arm, in which is incorporated 
‘ the projection unit. In the 
field of this unit can be seen 
superimposed on the image of 
the work, two crossed hair 
lines, the centre of which 
follows the path of the panto- 
graph tracing point, outlining 
the correct profile. 


Accuracy of the work pro- 
duced is not affected by wheel 
wear and specially shaped 
wheels are not required. 





| 








> 
LONDON «+ BRISTOL . BIRMINGHAM ° MANCHESTER 


LEEDS GLASGOW NEWCASTLE ° BELFAST 































are easy to maintain. 


3 MODELS 


W:-E-SYKES LTD 
STAINES - MIDDLESEX 
ENGLAND 
Telephone: STAINES 4281 (6 lines) 
Telegrams: ‘“SYKUTTER, STAINES’ 
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UNIVERSAL HOBBERS 


Readily accessible change gears, and Vernier 
seales on hob carriage and work saddle, facilitate 
setting and speed up changeover from one gear type 
to another, reducing ‘down-time’ to a minimum. 4 
These are precision machines — Spurs and helicals, 
splines and sprockets, worms and worm-wheels, can j 
all be generated with the greatest accuracy — yet 
with automatic limit switches and rapid power 
traverse for speedy operation, high production rates 


HV. 14 up to I4ins. dia. 
HV. 24 up to 24ins. dia. 
HV. 40 up to 40 ins. dia. 








Ss] 


Ses 


Full technical data on request. You are cordially invited 
to inspect these machines in operation at our works. 


PF, 
SYRES 
Cae” 
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STRATFORD . LONDON : ENGLAND 


MODEL “B” 
PRECISION TOOL-ROOM LATHES 





: Built in 3 sizes 


SWINGING 13-17-21 INCHES OVER BEDWAYS. 
AMERICAN STANDARD CAM-LOCK SPINDLE NOSE. 


PRECISION TIMKEN ROLLER BEARING HEADSTOCK WITH 
PROFILE GROUND GEARS. 


PRECISION LEADSCREW WITH COMPENSATED THRUST. 


FULL RANGE OF EQUIPMENT AVAILABLE 


5 The Finest Lathe in its Class 
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CHARLES CHURCHILL & COMPANY LTD 
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there’s an 
UNBRAKO Socket Screw 
for every job 


The tensile toughness of Unbrako socket 
head screws—made from nickel chrome alloy 
steels—is almost unbelievable. 

This toughness means that one Unbrako 
screw can easily replace two ordinary screws 
saving space and material. 

Two extremes of the Unbrako range are 
illustrated here—both tough and workman- 
like. In between there is an immense range 
of socket head screws of all types . . . screws. 
for any and every job that demands strength 
plus neatness of appearance. 

The manufacturing range 
WHITWORTH, B.S.F., B.A. 





includes :— 





A.N.C., A.N.F., U.N.C., U.N.F., D.I.N., V.S.M., S.1. 


are regarded as specials and can be made to order. 








Prices on application. 





@ Illustration of 14” Diameter Socket Head Screw. 
Also Unbrako Socket Head Screw with 4" head. 


SOCKET SGREW GO. LTD. 
COVENTRY . ENGLAND 


Stocked and Distributed in Great Britain by 
BIRMINGHAM 25 
UN6O. 
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SPECIAL PURPOSE 





WwW 
GRINDING MACHINES 
The five machines ill d are rep ti nples 
; of * Matrix“ unrivalled expericace and ability in the design 
‘ket } and manufacture of special purpose machines equally suited 
lloy to toolroom work or maintained precision on production ‘ 
operations. Detailed literature on each machine will be 4 No iA 
a pha Smeg CYLINDRICAL 


tee GRINDER Be 


- Coventry bauge 
nn & TOOL CO.LTD, s0th% 

PWS. 
gth ¢ Veet. 4 


AS AY 
— L» 





re 
oY 
« 






o- 
END 
THREADING § 


MACHINE & 















The Council of the Institution 


1952/53 


President 
Sir Ceci] Weir, K.C.M.G., K.B.E., M.C., D.L. 
Chairman of Council 
H. Burke 
Vice-Chairman of Council 
G. R. Pryor 
Past Presidents 
Major-General K. C. Appleyard, C.B.E. The Rt. Hon. Viscount Nuffield, G.B.E. 
Dr. Herbert Schofield, C.B.E. J. D. Scaife 
Vice-Presidents 
J. E. Blackshaw, M.B.E. T. Fraser, C.B.E. J. E. Hill Walter C. Puckey 
Sub-Council Presidents : 
AvsTRALIAN Sus-Councit—Sir John Storey 
Soutu Arrican Sus-Councit—R. H. Arbuckle 
Section Presidents 





Nabaienhevcossenkqunn Adelaide R. H. S. Turner............... Manchester 
Birmingham ee Melbourne 
Lcceehidbincnweenoetes Bombay . A. Holmes.................. Mew Zealand 
Sa iccuatarel gio Calcutta  & — Se peer tern 
Canada ee SE ee Pe N. Ireland 
Cornwall Be. i inesncutcctasecesnapesd Nottingham 
. M. Price + SEEEERLIES ELCE eee Coventry ie NR a cscnciacendsatancouals Preston 
r SER acicueteciptasdxstnvecoces Derby & 2 Se Reading 
Bic ci tackcesvicetncentievenss Dundee G. E. C. Gilfillan, O.B.E....... Sheffield 
A. Hi. Leggett........02.. Eastern Counties H. Bainhridge...........00.0.0+ Shrewsbury 
EB. W. Eeavdll..............000 Edinburgh CS a es ae ..S. Africa 
. eer Glasgow Pe IE acecctastececsavesecess Southern 
Pe inecractccseseccncserens Halifax E. S. Gregory......... S. Wales & Mon 
S. ae Leicester aR RE eae 
Bie i choccicnssseeccestesests<e Lincoln CS 0 | Western 
JV. Cy RE... vnc cccrececccscces Liverpool Capt. Leighton Davies,C.B.E. W. Wales 
Whe Sea cccnsssssescseccssveess London a re Wolverhampton 
i eer Luton S G Haithwaite......... ...... Yorkshire 
Additional Section Representatives 
E. Percy Edwards............ Birmingham H. Spencer-Smith............ Manchester 
H. W. Harper, M.B.E....... Birm‘ngham DMO cccvcescstecsises N. Eastern 
CG. J. GRiM.....2.ccccccccccccccvees Coventry aN See Preston 
a renee rey G'asgow a See Sheffieid 
TW I icatiadinsncovewossenersenah london J? ees - Western 
A. L. Stuchbery............00sec0000 London eS en oe Wolverhampton 
| ee re T uton H. Tomlinson............ Wolverhampton 
FE. GB. Geeaty...cccrcccccsccees: Manchester F. T. Nurrish M B.E.......... Yorkshire 


Chairmen of Standing Committees 


Jj. France C. M. Hollowav Sir Lionel Kearns, C.B.E. R. L. Paice 
M. Seaman The Rt. Hon. Lord Sempill, A.F.C. 


(Papers Committee— to be elected.) 
Elected Members 
A. J. Aiers, H. W. Bowen, O.B.E., E. D. Brome, R.M. Buckle, J E.Burnett, 
B 


. H. Dyson R. C. Fenton. z. Ge. Garside, B. G. L. Jackman, 
Prof. T. U. Matthew, H. J. Swift.O.B.E.. F. Bernard White 
Education Officer: Secretary of the Institution: 


T. B. Worth W F. S. Woodford 












Qa we “NBeeescsa ss =F SVN ee Se SS OS 


T 
n 
n 
d 
n 
n 
n 
e 


Ly 








Overseas Sub-Councils 


AUSTRALIA 
President 
Sir John Storey 
Chairman Vice-Chairman 
W. Gwinnett C. E. Jones 
Elected Members 

E. G. Bishop R. W. Deutsher 
J. B. Finlay W. M. B. Fowler 
E. Herbert J. H. Law 
E. C. Parkinson C. Pullen 
B. G. Ross J. M. Steer 
J. E. Strick H. G. Sutton 


SOUTH AFRICA 


President Vice-President 
R. H. Arbuckle W. G. Gillespie 
Past Presidents 
A. B. Anderson L. H. L. Badham 
G. Godfrey J. Henry 
D. Lion-Cachet J. Renwick 


A. C. Wotherspoon 
Elected Members 


D. N. S. Clare V. J. S. Donnelly 
Cc. O. the ctl H. J. G. Goyns 
A. P. R. Hodge D. A. Petrie 

G. M. Pratley L. F. Roberts 

D. R. Ryder H. H. Waters 





SUB-SECTION CHAIRMEN 


jap as thee Norwich 
Dee Pi, GQRORNIES: sensesdeonpervetecscas Oxford 
Jo J. GROCGOR.. 0 0c0 coc icii edie Rochester 
R. R. Kenderdine............South Essex 
Bh, PUN tscanacp nani caenates Stoke-on-Trent 





HONORARY MEMBERS OF THE INSTITUTION 


J. Finlay, M.B.E. T. Fraser, C.B.E. 

J. A. Hannay Sir Alfred Herbert, K.B.E. 
Sir Ernest J. H. Lemon, O.B.E. The Rt. Hon. Viscount Nuffield, G.B.E. 
J. D. Scaife The Rt. Hon. Lord Sempill, A.F.C. 








Adelaide 
(South Australia) . 


Melbourne (Victoria, 
Australia)... 


Sydney (N.S.Wales) 


Canada 
Bombay . 


Calcutta 


New Zealand 


South Africa 


Birmingham . 
Cornwall 

Coventry 

Derby 

Dundee 

Eastern Counties 
Edinburgh 

Glasgow . 

Halifax 

Leicester and District 


Lincoln . 
Liverpool 


London 

Luton . 
Manchester 
North Eastern 
Northern Ireland 


Norwich Sub-Sectiou ; 


Nottingham . 
Oxford Sub-Section 





SECTION HONORARY SECRETARIES 


AUSTRALIA 


J. M. Steer, 116, Waymouth Street, Adelaide, South 
Australia. 

C. Pullen, The Institution o: Production Engineers, 
Anderson Hodgson & Co., 360, Collins Street, 
Melbourne, C.1. 


Jj. B. Finlay, Room 802, 16, l arrack Street, Sydney, 
Australia. 
CANADA 
T. H. Beard, 110, Grenadier Road, Toronto. 
INDIA 


P. R. V. Kukde, c/o Machine Tools (India) Ltd., 
Imperia) Chambers, Wilson Road, Ballard Estate, 
Bombay, India. 

J. Warren-Boulton, c/o Machine Tools (India) Ltd., 
Stephen House, Dalhousie Square, Calcutta. 


NEW ZEALAND 
H. R. Holmes, Pah Road, Papatoetoe, Auckland. 
SOUTH AFRICA 


The Secretaries, Institution of Production Engincers 
Barclays Bank Buildings, Corner Commissioner and 
Harrison Streets, Johannesburg. 


UNITED KINGDOM 
A. J. Mansell, 204, Alcester Road South, Birmingham 


14. 

F. G. Hawke, 17, Church Road, Pool, Redruth, 
Cornwall. 

R. F. Eaton, 232, Longfellow Road, Coventry. 

A. Short, 244, Uttoxeter Road, Nickleover, Derby. 

A. H. Webster, 8, Kinnordy Terrace, Craigiebank, 
Dundee. 

L. A. Childs, Crane Ltd., Nacton Road, Ipswich. 

A. Atkinson, Priory House, South Queensferry, West 
Lothian. 

W. H. Marley, G. & J. Weir, Ltd., Cathcart, Glasgow, 
S 


-4. 

Miss N. E. Bottom (Acting), Hopkinsons, Ltd., 
Huddersfield. 

A. T. Vasey (Acting), c/o Wadkin Ltd., Green Lane 
Works, Leicester. 

H. Wright, 101, Longdales Road, Lincoln. 

L. C. Jarman, 17, Cambridge Road, Prenton, 
Birkenhead. 

R. Hutcheson, Machine Shop Magazine, Dorset 
House, Stamford Street, London. S.E.1. 

R. M. Buckle, 238, Cutenhoe Road, Luton, Beds. 

R. S. Clark, 13, Fownhope Road, Ashton-on-Mersey, 
Sale, Cheshire. 

C. C. Hodson, Alfred Herbert Ltd., Carliol Square, 
Newcastle-upon-Tyne. 

W. G. Wyman, “ Linden Lea,” Cultra, Co. Down. 

K. R. Addison. c/o Engineering Dept., Norwich City 
College, Ipswich Road, Norwich. 

C. N. T. Manfull, Chellaston House, Thurgarton 
Street, Nottingham. 

M. J. Inston, 53, Rymers Lane, Cowley, Oxford. 

















Preston 
Reading . 


Rochester and District 
Sub-Section 
Sheffield . 


Shrewsbury 
Section 
Southern 


S. Essex Sub-Section . 
South Wales and Mon. 
Stoke-on-Trent Sub- 
Section 3 
Western . 
West Wales 
Section x 
Wolverhampton . 


Yorkshire 


H. Corthorn, 31, Canberra Road, Leyland, Nr. 
Preston. 

R. W. H. Mark, “‘ The Beeches,” 41, Reading Road, 
Woodley, Berks. 

W. G. Clements, 101, Featherby Road, Gillingham, 
Kent. 

E. Levesley, The English Steel Corporation, Ltd., 
Sheffield. 

J. A. Francis, “‘ Meole Meads,” Bank Drive, Longden 
Road, Shrewsbury. 

J. W. Taylor, 44, Deacon Road, Bitterne, Southamp- 
t 


on. 

P. H. W. Everitt, 6, Hillcrest Road, Loughton, Essex. 

W. D. Porter, 49, Kyle Avenue, Rhiwbina, Cardiff. 

R. Rowley, North Staffordshire Technical College, 
Stoke-on-Trent. 

A. Eustace, 19, Ferndale Road, Northville, Bristol, a 

H. P. Sanderson, I.C.I. Ltd. (Metals Division), 
Waunarlwydd, Nr. Swansea. 

W. J. Marshall, Central View, Norton-in-Hales, 
Market Drayton, Shropshire. 

J. L. Townend, 26, Moor Allerton Drive, Street Lane, 
Leeds, 7. 


CORRESPONDING MEMBER IN THE MIDDLE EAST 
J. Merkine, 45, Arlozoroff Street, Ramat-Gan, Israel. 


Birmingham . 
Coventry 
Halifax . 
Liverpool 
London . 


Luton 
Manchester 


North Eastern 


Sheffield 
Western . 


Wolverhampton 


Yorkshire 


GRADUATE SECTION HONORARY SECRETARIES 


W. Silberbach, 44, Linwood Road, Handsworth, 
Birmingham, 21. 

L. Rutter, 1, The Countess’s Croft, Cheylesmore, 
Coventry. 

J. Taylor, 32, Hill Top Road, Paddock, Huddersfield. 

C. W. Haigh, 2 Richmond Avenue, Haydock, Lancs. 

F. Rutter, 67, Sefton Avenue, Mill Hill. London, 
N.W.7. 

C. S. Brewer, 44, Beverley Road, Luton, Beds. 

G. H. Armes, 14, Fairmile Drive, East Didsbury, 
Manchester, 20. 

A. Gilmore, 19, Lynwood Avenue, Blaydon-on-Tyne, 

. Durham. 

G. Shaw, C. & J. Hampton, Ltd., Sheffield, 2. 

C. H. Spearing, Severn View, Easter Compton, Nr. 
Bristol. 

W. L. Pace, “* Linden ”’, 10, Ezekiel Lane, Short Heath 
Willenhall, Staffs. 

G. Horner, 9, Brougham Street, Skipton. 





















THE JOURNAL OF 


Vol. 31, No. 10, October 1952 


Contents 


Third Summer School of Production 
Engineering ° ° . 
Institution Notes . . ° e ° ° 
George Bray Award 
News of Members 
Visitors from Abroad 
Lincoln Members’ Retirement . 
British Standards } ° és ° ° 
Library Reviews and Abstracts . ° 


Industrial Instrumentation and ueenatie 
Process Control ‘ a ‘ ‘ . 


Courses in Production Engineering 
Courses in Statistics . ‘ ° ° ° 
Tolerances, Limits and Fits . 





Institution Meeting—3rd July, 1952. 


“Machine Control,” by a D. Richards and 
R. Yribarren ° 


Proceedings ° ° ° 


« — a Locomotive.” wc Colonel G. Rieby, 
0.B.E , G.M., A.M.1.Mech.E., M.I.Loco.E. . 


Journal of the Institution. 





THE INSTITUTION OF 
PRODUCTION ENGINEERS 


431 


438 
438 
438 
439 
440 


=z 


445 
445 


447 
475 


499 


The Institution of Production Engineers does not accept responsibility for 
any statements made or opinions expressed in any papers published in the 










Published by THE INSTITUTION 


36, PORTMAN SQUARE, LONDON, W.1 
Price 5/- Telephone : WELbeck 6813/7 





gS ee 


Le ee 








gg 








THE THIRD ANNUAL SUMMER SCHOOL 


OF PRODUCTION ENGINEERING 
ASHORNE HILL, Near WARWICK 
27th August—3/st August, 1952 


HE Institution held its third Annual Summer School at Ashorne 

Hill, a country house near Warwick owned by the British Iron & 
Steel Corporation Ltd. Ashorne Hill, which stands in beautiful 
grounds in the heart of the Warwickshire countryside, proved to be 
an ideal centre for a Summer School. The domestic arrangements 
were excellént, the staff charming and efficient, and the conference 
facilities unequalled. 

Those who attended the School particularly appreciated the 
contribution of Sir Cecil Weir, The President, who was in residence 
for the whole period. He left late on the night of Saturday, 
goth August to fly to Luxemburg the next day, in order to take up 
his duties as Head of the United Kingdom Delegation to the High 
Authority of the European Coal and Steel Community. 

The theme for the School was ‘‘ The Processes of Production,’’ 
and after the opening lecture on their study and application, it was 
developed through two sections. The Education and Training 
Section considered the closely related subjects of the study of, and 
training in, production processes, whilst the Industrial Application 
Section devoted its attention to the human and machine problems 
involved in planning and controlling the processes. 

Lectures were delivered simultaneously to the two sections, after 
which members discussed the lecture subjects in groups formed 
within each section. Both sections then assembled together, under 
the chairmanship of Mr. G. R. Pryor, the Vice-Chairman of 
Council, to hear the reports of the groups and the final replies of 
the lecturers. 

After dinner on the Wednesday, Friday and Saturday evenings, 
addresses were given by the President; Mr. Edgar P. Harries a 
prominent retired trades union official, and Mr. E. F. Schumacher, 
the Chief Economist to the National Coal Board. 

Members were particularly fortunate on the Thursday afternoon 
in having anopfortunity of visiting the works in Coventry of Alfred 
Herbert Ltd., and of being entertained to tea there by Sir Alfred 
Herbert, who was himself a President of the Institution from 
1927-1929. After an early supper a large party then went to 
Stratford Memorial Theatre and enjoyed a superb performance of 
“The Tempest.” 
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This photograph, taken during the visit to the Coventry Works of Alfred Herbert, 
Ltd., shows (I. tor.) Mr. P. O. Fabiyi (Associate), Mr. W. F. S. Woodford (Insti- 
tution Secretary), Sir Cecil Weir (President of the Institution), and (extreme r.) 
Mr. R. C. Fenton (Member), District Manager, Alfred Herbert Ltd.’s Birmingham 
office. 


Opening Address by the President, Sir Cecil Weir, 
K.C.M.G., K.B.E., M.C., D.L. 


After expressing the pleasure which it gave him to preside over 
the Summer School and to become better acquainted with col- 
leagues in the Institution and other friends, the President paid 
tribute to the devoted and effective work of his predecessor, General 
Appleyard, and the Chairman for the past two years, Mr. Puckey. 

Production engineering, he continued, might be said to be the 
widest of all the production sciences—it might be possible for some 
people to say where it began and ended, but he was not one of 
those people. ‘ He was glad to see that the lessons learned from the 
investigations of the Anglo-American Council of Productivity 
teams were being recognised, for it was only by strength of resolve 
and purpose that we could meet the pressing problems of re- 
armament and at the same time maintain and increase our export 
trade, on which we were so dependent for survival and an 
improvement in our standard of living. 

Finally, turning to the future, Sir Cecil made a plea for new 
-expansionist ideas in the financial and economic fields so that the 
fruits of industrial and agricultural progress might become readily 
available to all those who required them. 
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On behalf of the School, Mr. H. Burke, the Chairman of Council, 
thanked the President for his most inspiring address. 

After a survey of the School’s programme by the Education 
Officer, Mr. T. B. Worth, the first lecture was given on the morning 
of Thursday, 28th August, by Mr. M. Seaman, to both sections of 
the School. 


The Study and Application of the Processes of Production 
by M. Seaman, M.Sc. (Director and General Manager of 
the British Oxygen Engineering Co., Ltd.). 

After referring to the lead which had been given by the President 
in his broad approach to the wide field of application of production 
engineering techniques, Mr. Seaman considered first the social 
responsibilities for production and the importance of full utilisation 
of the human, material and process resources. 

He illustrated in a comparative survey the time, motion and 
material processes and related them to the human factors and the 
economic controls which were applied. He then considered, first 
on a unit and later on a national basis, the financial and organiza- 
tional administrative powers, 

The professional responsibility for an orthodox approach which 
did not restrain initiative but left clear the line of responsibility was 
illustrated in a diagrammatic form, from a Foundry Case study. 

Finally Mr. Seaman considered problems involved in the educa- 
tion of production engineers and suggested radical changes in the 
traditional methods, which involved little if any production 
engineering bias at a time when students should be preparing 
themselves for careers which, in the majority of cases, required 
a very thorough knowledge of the fundamentals and applications 
of production engineering techniques. 

After the first lecture the School split into its two sections, 
lectures being given by Professor J. V. Connolly and Mr. E. M. 
Price to the Education and Training Section, and by Mr. B. E. 
Stokes and Mr. B. G. L. Jackman to the Industrial Application 
Section. 


The Study of Production Processes by Professor J. V. 
Connolly, B.E. (Sydney). (Head of Dept. of Aircraft 
Economics and Production, the College of Aeronautics.) 


Professor Connolly demonstrated, by means of a film specially 
taken for the lecture, the type of equipment required for a study 
at advanced level of such subjects as metallurgy and heat treatment, 
forging, stamping, pressing and stretch forming, machining, 
metrology, work study, and the organization and layout of the 
factory unit. 
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He then considered the mental equipment and prior training 
needed before an advanced study of such subjects could be under- 
taken. Finally particular instances were given of studies carried 
out in each field, such as the effect of electrolytic polishing on 
fatigue; the development of plastic tools; the development of 
cutting; the measurement of turbine blades by a linear air gap type 
of instrument; the development of various work study techniques; 
and the build-up in aircraft factories. 
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Practice in Production Processes by E. M. Price, M.A. 
(Manager, Rugby Works, The English Electric Co., Ltd.). 


Mr. Price considered that in the two main divisions or stages of 
pre-manufacturing and manufacturing, the three broad functions 
of the production engineer were planning, organizing and “ trouble- 
shooting.” From this basis he proceeded to analyze the require- 
ments of the production engineer. 

There were in general three grades of recruits—the craft appren- 
tice, the student apprentice and the graduate apprentice—and 
Mr. Price discussed in some detail the type of training required for 
each of these three types. 

Finally he commented on the relationship which should exist 
between training facilities at the Works and in the College and 
University and concluded with a survey of some of the special 
problems confronted in the training of Production Engineers. 
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Planning and Controlling the Processes of Production 
(Machine Aspects), by B. E. Stokes (Schofield Scholar) of 
Joseph Lucas Ltd. 

Mr. Stokes set out the three main stages which are involved in 
production planning and control as (i) Management policy plan- 
ning, (ii) Providing the tools for the Job and (iii) Factory or shop 
floor planning. 

Management policy provided, he said, the mainspring for 
successful operation and he particularly stressed the importance of 
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5 = | a clear statement of objectives and a sound organisation to achieve 

te. them. The next stage, providing the tools for the Job, comprised 

i = two main tasks—the provision of the most efficient processes and 

: = services and their availability on time. Problems of factory plan- 

; « ning and control were then discussed and illustrated by examples. 

‘ep. In conclusion Mr. Stokes stressed the need for production plan- 
& ning and control to-be considered as a continuous process throughout 
s i its three interdependent stages. 
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Planning and Controlling the Processes of Production 
(Human Factors) by B. G. L. Jackman (Works Director, 
British Heat-Resisting Glass Co., Ltd.). 


Mr. Jackman enumerated some of the principles involved in the 
planning and controlling of the execution of a project and followed 
by discussing the administrative, technical and educational problems 
which arose from the production process. 

On the administrative side he considered some of the problems 
inherent in shift-working, including shift handover, equipment, 
time-keeping and attendance, and labour relations. Technical 
problems and their effect on human relations were illustrated by 
examples from the glass industry. 

Finally, after dealing with such educational matters as training 
for interchangeability and the relationship between training 
within industry and college training, Mr. Jackman concluded by 
listing the major factors which in his opinion achieved satisfactory 
control from the human angle. 


The Addresses : 


The Producer and the Customer by Edgar P. Harries. 


Mr. Harries, in a most stimulating address, considered that the 
basic interests of the producer and the customer were identical, 
since all were consumers and most consumers were also producers. 
He defined their community of interest as being the production of 
quality articles at the least cost under the best possible conditions. 

This was an ideal which could be achieved if the conservatism 
of both management and workers could be overcome, and if some 
of the restrictive practices and other causes of frustration could be 
removed. Mr. Harries illustrated some of these difficulties with 
examples taken from his own experience and concluded by advo- 
cating a concentrated effort by both sides of industry to create 
a real understanding of each other’s difficulties. If that could be 
brought about, he said, it would be possible to prove that a factory 
really was an experiment in co-operative living. 





Production for Survival by E. F. Schumacher (Chief 
Economist to the Nationai Coal Board). 


Mr. Schumacher outlined the United Kingdom’s historic trading 
policy of exchanging with the rest of the world manufactured 
articles for foodstuffs and raw materials. He then pointed to the 
weaknesses in such a policy in a world in which foodstuffs and raw 
materials were becoming scarcer and more expensive in relation 
to manufactured goods, whilst countries which had always been 
accepted as markets for goods were to an increasing extent them- 
selves becoming industrialised. 
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Mr. Schumacher suggested firstly that Britain should develop 
her own food and raw material potential in a vigorous manner, 
secondly that she should concentrate more on making raw materials 
go further, and thirdly that she should export in the main goods 
the value of which lay in the product of brainpower and skill rather 
than of imported or exportable raw materials. 

In this way, the country’s need for essential imports could be 
reduced and paid for by the export only of those products or 
services in the provision of which we possessed clear-cut advantages. 

Finally, Mr. Schumacher called for a conscious policy from all 
of “‘ Production for Survival.” 


The President concluded the proceedings and in doing so he 
expressed the thanks of all the members of the School to Colonel 
and Mrs. Alexander and their staff for the comfort and efficiency 
of the arrangements which had been made for them at Ashorne Hill. 


The full proceedings of the Summer School will be published in due course 
and copies sent free of charge to all those who attended the school. 

Members who did not attend the school may obtain copies price 2/6d. on 
application to the Head Office. 





INSTITUTION NOTES 
October, 1952 


At the Annual Dinner of the Yorkshire 
The George Bray Section held at the Hotel Metropole, Leeds, 
Memorial Award on 26th April, under the chairmanship of 

Mr. F. T. Nurrish, M.B.E., a very pleasing 
ceremony took place when Lt.-Col. Clifford Bray, T.D., Chairman 
and Joint Managing Director of Geo. Bray 
& Co. Ltd., presented to the Institution 
a cheque for £500, to be invested so that 
the interest every year will enable the 
Institution to make an annual award in 
memory of the late Col. George Bray. 

Lt.-Col. Clifford Bray spoke of the very 
warm regard which his uncle, Col. George 
Bray, had had for the Institution, and he 
and his co-directors had decided to make 
this donation in order to perpetuate Col. 
Bray’s regard for the Institution. 

In accepting the cheque on behalf of 
the Institution the President, Major- 
General K. C. Appleyard, C.B.E., 
expressed his deep appreciation of the 
kindness of the Directors of Geo. Bray & 
Co. Ltd. in making this generous donation. 
It would enable the Institution, he said, to make an award every 
year for some outstanding act in production engineering and, at 
the same time, to pay permanent tribute to the late Col. George 
Bray, who had done so much to foster the growth of the Institution, 
not only in Yorkshire, but wherever his influence was felt. 





Col. George Bray 


NEWS OF MEMBERS 


Mr. A. W. Black, Associate, has taken up an appointment as 
Production Manager with Majolica Lamps, Ltd., Pinetown, South 
Africa. 


Mr. H. G. Bottomley, Associate Member, has now taken up an 
appointment in charge of Development at Douglas Fraser & Sons 
Ltd., Arbroath. 

Mr. W. R. Childs, Associate Member, is now Works Manager of~ 
Monitor Engineering & Oil Appliances, Ltd., Birmingham. 
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Mr. C. Evans, Associate Member, has been appointed Lecturer 


in Production Engineering at the Brooklands Technical College, 


Weybridge. 


Mr. S. G. Lane, Associate Member, is now in business on his own 
account as a Welding Engineer, and is taking over premises near 
Sevenoaks, Kent. 


Mr. J. G. Lloyd, Associate Member, has been transferred to 
Leeds where he has been appointed Assistant to the Managing 
Director, and a Special Director of Geo. Mann & Co. Ltd., Hunslet, 
Leeds, a subsidiary of Vickers, Ltd. 


Mr. W. D. Opher, Member, Works Superintendent of Vickers- 
Armstrongs, Ltd., Crayford, since 1948, was recently appointed to 
the Board. 


Mr. W. F. Pailing, Member, has jointed E.N.V. Engineering Co. 
Ltd., London, as Works Director. He has relinquished his executive 
post with the Maudslay Motor Co. Ltd., of Coventry and Alcester, 
but remains on the Board of Directors. 


Mr.. C. Timms, Member, is now Senior Principal Scientific 
Officer, Head of Mechanisms and Metrology Division, Mechanical * 
Engineering Research Laboratory, East Kilbride. 


Mr. T. C. Winmill, Associate Member, until recently Chief 
Production Engineer of Cox & Co. (Watford) Ltd., has now been 
appointed Chief of Organisation and Methods Department of that 
firm. 


Mr. W. Elliott, Graduate, is now a Leading Draughtsman with 
the Ministry of Supply, Chorley, Lancs. 


Mr. ‘R. A. Hunter, Graduate, is now Gas Turbine Development 
Engineer with C. A. Parsons, Ltd., Newcastle-upon-Tyne. 


Mr. D. J. Little, Graduate, is now Service Manager for The 
Cuffley Motor Company, Cuffley, Herts. 


Mr. J. G. McDonald, Student, has been successful in obtaining 
a scholarship for one year’s study of Business Management and 
Administration in the U.S.A. He will take up a place in the 
Graduate School of Business Administration at Harvard. 


Many members, to whom he is well-known, will be 

Visitors interested to hear that Mr. C. A. Gladman, Member, 

from of the Metrology Division, National Standards Labora- 
Abroad tory, Sydney, is now visiting the United Kingdom. 

Mr. Gladman, who is at present working with Mr. 

N. A. Esserman, Chief of the Division of Metrology, to establish 

facilities within the Commonwealth Scientific and Industrial 
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Research Organisation for production engineering research in 
Australia, intends to visit research establishments in Great Britain, 
Europe, and the U.S.A. 

He will also attend the Instruments and Measurements Conference 
in Stockholm, and the General Meeting of the International 
Institution for Production Engineering Research, in Louvain. 

Another member of the Sydney Section, Mr. Peter Cottrell, 
Graduate, is visiting the United Kingdom on a Kolling Scholarship 
from the Sydney University. This enables him to take a one year 
Post-Graduate Course in Production Engineering at the University 
of Birmingham. 

Mr. Cottrell, who is employed at the Small Arms Factory, 
Lithgow, also hopes to obtain information on the running of 
Graduate Sections of the Institution in this country. 


An event of particular interest to the Lincoln 
Linceln Members’ Section took place recently with the retire- 
Retirement ment of Mr. T. McGlashan, Member, and 

Mr. F. J. Taylor, Associate Member, Works 
Manager and Shop Superintendent respectively of Ruston & 
Hornsby, Ltd., Boultham Works. 

Mr. McGlashan, who has been with the firm for 36 years, has 
been attached to the Lincoln Section since it was formed in 1943, 
and has made a notable contribution to the building up of the 
Section. He was its Chairman from 1948 to 1950, and members 
of the Section Committee have made a presentation to Mr. 
McGlashan in recognition of his services. He is also a Past- 
President of the Grantham Engineering Society. 

Mr. Taylor, who has also been attached to the Lincoln Section 
since its formation, has received a special service medal from 
Ruston & Hornsby in recognition of the fact that he has spent 
50 years with the firm, which he joined in 1902. 

The Institution offers warmest good wishes to Mr. McGlashan 
and Mr. Taylor for a long and happy retirement. 


The following Standards have recently been issued 
British and may be obtained, post free, at the prices stated, 
Standards from the British Standards Institution, 24-28, Victoria 
Street, Westminster, London, S8.W.1 :— 


B.S. 678 : 1952 Carboys and Carboy Hampers (3/6d) 
B.S. 1869 : 1952 Crash helmets (2/6d) 
B.S. 1874 : 1952 Sizes for packages for Frozen Food (2/-) 
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HAZLETON MEMORIAL LIBRARY 


It would be helpful if, in addition to the title, the author’s name 
and the classification number could be quoted when borrowing books. 


ABSTRACTS 


621.54 COMPRESSED AIR 


* Compressed Air in Mining and Industry ” edited by Sydney H. North. 
London, Pitman. 1951. 170 pages. Illustrated. Diagrams. 18/-. 

The chapters in this book can be sub-divided under two main headings, 
namely: “ pneumatic plant ” and “ efficient operation of pneumatic plant.” 
In the latter category, such subjects as the “ elimination of moisture, oil, 
dust and heat,”’ “‘ care and treatment of pneumatic tools ” and “ lubrication ” 
are all fully covered. The remaining chapters are sub-divided again between 
descriptions of the manifold uses of compressed air in particular fields (such as 
** in Mines and Quarries,” ‘* in Industry ” and “ in Constructional and Public 
Works ”’), and descriptions of individual items of compressed air equipment 
(‘‘ air compressor types in relation to requirements,” “‘ pneumatic conveying ” 
** portable compressors,” “‘ pneumatic tools,” and “‘ pneumatic appliances ”’). 

The references to the use of compressed air in the workshop are mainly 
confined to brief mention of pneumatic chucks, but there are general notes 
on the handling of compressed air and its associated appliances. 


658.23 FACTORY LAYOUT: PLANNING 


535-4 


“ Plant Layout: Developing and Improving Manufacturing Plants ’; 
by John A. Shubin and Huxley Madeheim. N.Y., Prentice-Hall. 1951 
433 pages. Illustrated. Diagrams. £2 10s 

This book may be divided into three major divisions:— 

1. Factors which influence plant layout. 

2. Techniques and methods. 

3. Materials Handling and industrial buildings. 

Emphasis is given to the influence of product design in the selection of 
equipment and in the determination of the type of layout to be developed. 
This is followed by a brief survey of the techniques and tools used in the 
conventional production analysis. Following this the influence of location 
on plant layout is discussed, giving several examples taken from American 
industry. 

The second section, plant layout, tools and techniques, starts with 
a discussion of process charts, and proceeds then to the consideration of the 
use of drawings, templates and scale models. 

There is a detailed discussion of the comparison of product and process 
layout which includes the advantages and disadvantages of each type. The 
problems of layout are separated into two parts, 

(a) the layout of a new plant 

(6) the revising of existing plant layouts. 

The third section, concerned primarily with Materials Handling, 
discusses the general characteristics of a number of various types of handling 
equipment. The section is completed by a chapter on industrial buildings 
which includes a discussion of the types of buildings, their design and the 
construction materials available for use. 

INTERFEROMETERS 
* Modern Interferometers ” by C. Candler. London, Hilger & Watts Ltd., 
Hilger Division. 1951. 502 pages. Illustrated. Diagrams. £2 17s. 6d., 

This book aims to describe interferometers in general use, together with 
sufficient theory to explain their operation. The first chapter is devoted 
to the principles arid general uses of interferometers. National and Inter- 
national standards of length are considered, together with tables of the results 
of the more important determinations of the metre in terms of light waves. 
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Michelson’s original experiment for the determination of the metre is fully 
described, also the Fabry-Perot interferometer used for most of the more 
recent determinations of the metre. Other interferometers for gauge 
measurement are described, including Koster’s gauge interferometer, the 
N.P.L. gauge interferometer, and the instruments developed by Dowell for 
the measurement and comparison of both slip gauges and angle gauges. i 

A full description is given of the prism and lens interferometers developed i 
by Twyman, and the subject of diffraction gratings is considered, 
including a chapter devoted to their manufacture. 


621.793 [METAL COATING 
“ Protection and Electro-deposition of Metals.” Ministry of Supply. 
London, H.M.S.O. for Technical Information and Documents Unit. 1951. 
350 pages. Illustrated. Diagrams. £1 10s. (Selected Government Research 
Reports Vol. 3.) 
Thirty-three reports are given in this book, divided under the headings 
of ** Protection of Metals ” and “‘ Electro-deposition of Metals.’’ The general 
bias is towards work on the light alloys such as magnesium and aluminium, 
but in the second part of the book on electro-deposition, the reports are more 
generally applicable. 

The individual reports are of a somewhat technical nature, and except 
for the brief abstract at the start of each report, they are designed essentially 

for the professional and full-time metallurgist. 


621.791 WELDING 
“ Electric Arc and Oxy-acetylene Welding ” revised by W. A. Atkins and 
A. G. Walker. (4th Ed.) London, Pitman. 1952. 352 pages. 
Illustrated. Diagrams. £1 10s. 









































A‘work dealing with welding by Electric Arc and Oxy-acetylene from 
the practical point of view. 

Chapters cover the methods of joining metal that are in vogue at present; 
a short history of the development of the Electric Arc; advantages and 
disadvantages of A.C. and D.C. for electric welding. Preparation of joints 
and motions of travel for the electric arc, including the over-head welding 
theory, practical hints and “ Dont’s ” for the welder, stress being placed on 
safety. 

The work then turns to gas welding with comparable chapters as those 
outlined for Electric Welding. ' 

The remaining half of the book takes both Electric Arc and Oxy- 
acetylene welding together. It explains metal cutting and the effect of 
expansion and contractions, which is dealt with to some length. Weld 
defects and testing illustrated by some fine micro-photographs of weld and 
parent metal, selection of feed wires, rods, electrodes and fluxes together with 
the welding of alloys and properties of metals. 

To conclude the work a summary of commercial plant and accessories is 

given finalising with the training of welders, examinations and regulations. 


016 BIBLIOGRAPHIES 
“ Index Bibliographicus: Directory of Current Periodical Abstracts 
and Bibliographies. Vol. I., Science and Technology” by 
Theodore Besterman. (3rd Ed.) (Rev.) Paris, UNESCO; The 
Hague, International Federation of Documentation. 1952. 52 pages. 6/6. 


This third edition of a standard library and research tool gives a 
selective list of publications which contain abstracts or bibliographies. It 
covers the fields of science and technology, and is arranged by subject with 
an index of titles. A second volume, covering the social sciences, education f 
and humanistic studies is planned. 
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ALUMINIUM 

Aluminium and Magnesium, Design and Fabrication” by R. Burt 

Schulze. N.Y., McGraw-Hill. 1949. 589 pages. Illustrated. Diagrams.. 

£3 12s. 6d 

All known American methods, employed in the manufacture of articles, 

from aluminium and magnesium sheet, particularly aircraft components, 

are described, together with many actual examples of time studies, from the 
tool pattern to the finished part. 

The book is well illustrated, especially in regard to machine set-ups, and 

the chapter on cost analysis emphasises the factors to be studied for efficient 

production. 


OTHER ADDITIONS 


621.38 ELECTRONICS 

“ Electronic Applications in the Machine Shop and Factory.” London, 
Machinery Publishing Co. 1951. 58 pages. Illustrated. Diagrams. 4/-. 
(Machinery’s Yellow Back Series No. 28A.) 

621.438 GAS TURBINES 

Fiock, Ernest F., and Halpern, Carl. “ Bibliography of Books and 
Published Reports on Gas Turbines, Jet Propulsion, and Rocket 
Power Plants.” Washington, U.S. Gov. Pr. Off. 1951. 64 pages. 
2oc. (U.S.A.—National Bureau of Standards—Circular 509. 

621.73 FORGING 

Naujoks, Waldemar, and Fabel, Donald C. “ Forging Handbook.” 
Cleveland, American Society for Metals. 1948. 630 pages. Illustrated. 
Diagrams. £3. 

621.74 FOUNDRY WORK 

Cady, Edwin Laird. “ Precision Investment Castings.” .\.?., Reinhold. 
1948. 356 pages. Illustrated. Diagrams. 3. 

New Jersey Zinc Company, New York. “ Practical Considerations in 
Die Casting Design.” N.Y., The Company. 1948. 246 pages. 
Illustrated. Diagrams. 

Rosen, C. “ Centrifugal Casting by the Cire Perdue Process.” London, 
Contact Publications Ltd., for David Wallace Ltd. 1949. 204 pages. 
Illustrated. Diagrams. £2 12s. 6d. 

621.775 POWDER METALLURGY 

Goetzel, Claus G. “Treatise on Powder Metallurgy. Vol. II, 
Classified and Annotated ee 2? N.Y., Interscience Publishers. 
1952. 899 pages. £8 16s. 

621.793 METAL COATING 

Ingham, H.S., and Shepard, A. P. ‘ The Metco Metallizing Handbook.” 
(5th Ed.) N.Y, Metallizing Eng. Co. 1951. 249 pages. Illustrated. 
Diagrams. £2 2s. 

621.822 BEARINGS 
i British Timken Ltd., Birmingham. “ Engineering Handbook: Dimen- 
sions and Information Relating to Load Carrying Capacity, 
Method of Selection and Fitting Tolerances.” (Home Ed.) 
Birmingham and Duston, The Firm. 1951. 82 pages. Illustrated. Diagrams. 
621.86 MATERIALS HANDLING 
Barty, Jack K., and others. “ Paper Handling Practices.” Madawaska, 
Maine, Fraser Paper Ltd. 1951. 74 pages. Diagrams. 
Robins Conveying Belt Co., U.S.A. “ Handbook Material Handling 
Equipment niade in England by Fraser & Chalmers Engineering 
t Works, Erith, Kent.” Erith, Fraser @ Chalmers. 1927. 322 pages. 
Illustrated. Diagrams. 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


A series of lectures and demon- 
Industrial Instrumentation strations on Industrial Instrumen- 
and Automatic tation and Automatic Process 
Process Control Control has been arranged by the 

Electrical Engineering Depart- 
ment, Battersea Polytechnic, London. The series, which is under 
the direction of Dr. G. L. d’Ombrain, Ph.D., B.Sc. (Eng.), is 
intended to introduce Engineers, Physicists, and Chemists to the 
possibilities of automatic control. 


The majority of the lectures will be supplemented by the demon- 
stration of actual control and measurement apparatus loaned by a 
number of participating firms. Those taking the Courses should 
have the equivalent of the B.Sc. Degree, H.N.C. or professional 
institution status. Knowledge corresponding to such standards will 
be assumed, but no prior knowledge of the Process field will be 
assumed. The Course is not suited to those only interested in 
instrument maintenance. 


Full details of the Courses, which begin in the Autumn Term 
commencing on the 2nd October, may be obtained from the 
Electrical Engineering Dept., Battersea Polytechnic, Battersea Park 
Road, London, S.W.11. 


A whole time College Certificate Course in Pro- 
Course in duction Engineering, extending from October to 
Production June, has been arranged by the Department of 
Engineering Engineering, King’s College, University of Durham. 

The Session, which begins on the 7th October, is 
open to Graduates in Applied Science and to holders of a Higher 
National Certificate in Engineering, although students who do not 
comply with these regulations may be admitted by the Academic 
Board on the recommendation of the Head of the Department. 


The Course is broad in scope and covers aspects of industry not 
normally the subject of formal study. Extensive laboratory 
facilities are available and, in addition, students are required to 
devote part of the Easter vacation to the study, under supervision, 
of production problems in factories in various parts of the country. 
Considerable importance will be attached to the writing of technical 
reports. 


Further details of the Course may be obtained from the Registrar, 
King’s College, Newcastle-upon-Tyne. 


| 


(NOTE: In addition to the Colleges listed in the Journal for 
August 1952, The Denbighshire Technical College, 
Wrexham is; now offering courses in Production 
Engineering). 
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INSTITUTION NOTES 


A recent development at Cardiff Technical College 
Courses in is the inauguration of Courses in Statistics covering 
Statistics syllabuses for the examinations of the Royal Statis- 

tistical Society and the Association of Incorporated 
Statisticians. 

During the 1952/3 Session it is intended to attain the Inter- 
mediate standard of the qualifying examinations, while the Final 
Course will be available in the 1953/4 Session. 

It is hoped that these Courses may meet a need in providing a 
comprehensive training for Statisticians whose value to Industry, 
particularly Production Engineering and business administration, 
is becoming widely recognised. 


The Engineering Production Department of 
Tolerances, the Northampton Polytechnic has arranged a 
Limits and Fits course of lectures on ‘‘ Tolerances, Limits and 

Fits and Their Application to Engineering 
Design and Manufacture.” 

The course, which commences on the 6th October, 1952, is 
intended to cover the two new British Standards B.S. 308 Part II, 
Engineering Drawing Office Practice, Dimensioning and Toleranc- 
ing, and B.S. 164, Part I, Limits and Fits for Engineering. It 
will consist of three separate subjects, Dimensioning and Toleranc- 
ing, Limits and Fits, and Engineering Metrology, and whilst the 
three subjects are intended to form a balanced course, they may be 
taken separately or collectively as desired. 

Further particulars may be obtained from the Principal, 
Northampton Polytechnic, St. John Street, London, E.C.1. 


Members are asked to note that the Library will 
The Library be open between 10 a.m. and 5.30 p.m. from 
Monday to Friday each week, and from 9.30 a.m. 
to 12.30 p.m. on Saturdays. Due to Meetings, the full facilities 
will not be available at the following times: 
Tuesday, 7th October, from 12 midday. 
Wednesday, 8th October, from 2.30 p.m. 
Tuesday, 21st October, from it a.m. 
Tuesday, 28th October, from 12 midday. 
Thursday, goth October, all day. 


Members are reminded that binding cases for 
Journal Binders the Journal are obtainable from Head Office, 

price 7/6 each post free. The cases, each of 
which will hold 12 issues of the Journal, are made of stiff board 
covered with imitation leather cloth, with gilt lettering on the 
spine. 
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THE INSTITUTION OF PRODUCTION ENGINEERS 


A number of copies of the following 
Research Publications Research publications are still available 
to members, at the prices stated: 


Report on Surface Finish, by Dr. G. Schlesinger 15/6 


Machine Tool Research & Development 10/6 
Practical Drilling Tests 21/- 
Test Charts for Machine Tools, Parts 1, 2, 3, 4 6/- each 


These publications may be obtained from the Production 
Engineering Research Association, “ Staveley Lodge,’ Melton 
Mowbray, Leics. 


Owing to the fact that output has to be adjusted 
Issue of Journal to meet requirements, and in order to avoid 

carrying heavy stocks, it has been decided that 
the Journal will only be issued to new Members from the date they 
join the Institution. 


In order that the Journal may be despatched on 
Important time, it is essential that copy should reach ‘the 

Head Office of the Institution not later than 40 
days prior to the date of issue, which is the first of each month. 
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MACHINE CONTROL 
The Use of Comparators for Production 
by J. D. RICHARDS and R. YRIBARREN 
Presented to a General Meeting of the Institution in London, 3rd July, 1952 


Ae gauges were originally evolved for use purely and 

simply by the individual producing the part to be checked, 
gauge design at a certain point in engineering history, became a 
mere camp follower of production methods. 

Partly from mistrust of the reliability of the machine operator as 
opposed to that of the machine tool, partly from the ability at that 
time of the good machine tool to produce to greater accuracy than 
was then normally required, all that seemed necessary was the 
creation of a watchdog to guard against occasional rejects which 
might be produced by the machine operator. 

Once the watchdog was thoroughly established, the rapidly 
developing situation brought about a growth and characteristics far 
different from those initially in the minds of the very many engineers 
who inaugurated an Inspection service in their own factories. 

Gauge development, as longer production runs and increased 
interchangeability mushroomed into existence, became limited until 
comparatively recently almost completely to methods of sorting 
finished parts and eliminating any faulty ones, in a department 
placed apart from the workman who produced them. 

Once committed to such a method, change is difficult. But it is 
certain that there was initially widespread underestimation of the 
future difficulties of holding close tolerances in production on many 
widely used types of machine tool. 

So, the physical and psychological relationship between Inspection 
and Production are today far removed from that originally foreseen. 

It is no new thesis to trace the evolution of our average present 
day organisation in the matter, but it is of value to recapitulate the 
inevitable movement towards creation of an impartial judge, who 
wherever sympathies might be, is bound by carefully defined limits 
of tolerance outside which no sympathy can carry him. From such 
a recapitulation, a resurvey can be made. 

For, as with judges, hard cases do not make good law, so pro- 
duction difficulties cannot excuse the Inspection passing faulty 
dimensions. 

The relationship between Inspection and Production is so widely 
known as to have become the subject for a good deal of humour— 
this is fortunate, in that such humour has at least enabled personal 
friendships to exist across the iron curtain which separates them in 
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so many cases. But shaking down or rubbing along together has 
to an extent camouflaged the real need for a radically different 
outlook and organisation. 

The growth of the dimensions—space, staff, equipment and need 
for handling—of the Inspection department dates from the earliest 
putting of measuring instruments into the hands of an individual 
who was not the actual machine operator himself. 

As ten thousandth parts of an inch replaced thousandths, as 
production rates grew, as the employment of unskilled labour 
became not a matter for long term training but an immediate item 
for mass-application to the average production organisation, so the 
Inspection Department, created to prevent passing of the odd reject 
in a comparatively leisurely way, was deluged with new problems. 

To deal not only with a huge increase in the number of parts 
produced and offered up to the Inspection, but also with consider- 
able increases in the reject rate, increased space and staff were 
provided, new and ever more searching equipment was installed. 

The Inspection, as its only defence against the equally under- 
standable blandishments of the harassed Production, was forced to 
retreat behind impartiality in its dealings. 

Combined with this, the well known former tendency of design 
staff to impose unduly close tolerances, no doubt partly to ensure 
that variations should be at a genuine minimum, led to the Inspec- 
tion becoming feared by the Production—in quite an impersonal 
way, of course. 

An important point in the summarising of the situation is the 
difference, in the visualising of dimensions, existing between Inspec- 
tion and Production. The Inspection is always inclined, even when 
at its most helpful, to think in terms of limits—undersize, correct or 
oversize parts. The Production must think in terms of size, and is 
closely interested in the size of a part even when it is within the 
tolerance. 

But the weight of development of gauges, being done on behalf 
of the Inspection department, has been largely on limit gauges. 
And the consequence for the Production has been that it is fre- 
quently possible, immediately and automatically to obtain sizes 
on rejections or acceptances, but that the very instruments set aside 
for use by the Production have also been limit gauges, and usually 
of a very simplified character. 

The Inspection thus are unable to give the best possible aid to 
the Production partly because the latter are without the means to 
make really good use of such help. 

It is true to say that metrology, the faithful servant of standardisa- 
tion, has been devoted to developing more and more efficient ways 
of finding the faults in the production. This comes too often too 
near to being taken to be finding fault with the Production. 
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MACHINE CONTROL 


Pursued to the ridiculous, it might even be said that, working 
on these lines, the value of the Inspection department could be 
measured by the value of the rejections it manages to achieve. 

But, human nature being what it is, a formula for working under 
the existing convention has of course sprung up. A modern Inspec- 
tion organisation nearly always takes upon itself the extra duties 
involved in being as constructively helpful as possible, and at least 
apparently reasonable results are obtained in this way. 

But the question remains as to whether in fact the overall conven- 
tion itself should not be altered. 

Workable as the present system has been, both market require- 
ments and technical advances on other lines in the last decade have 
put an increasing pressure on the existing structure. 

One result has been the extreme uneasiness of top management 
over the increasing overhead costs represented by Inspection staff 
and equipment, and the ancillary services required to operate for 
the former. 

While a very big part of the problem is the question of the 
inspection of parts obtained from outside sources, where the use of 
limit gauges is obviously perfectly adequate, some drastic measures 
must be taken to reduce the liability of machining errors more 
nearly to the level of inspection errors in even this case. This could 
allow of entirely different methods to be employed by, for example, 
Government Inspection Departments. 

The use of green labour in huge quantity for this type of inspection 
brings with it its own special problems, so it is proposed within the 
scope of this discussion to limit ourselves more to internal matters, 
and in particular those concerning machining operations based on 
the movement of machine slides. 


It has often been stated that it is a pity to produce 
The Problem parts only to discover, when it is too late, that they 

are unacceptable. It is a cliché to suggest baldly 
that the only solution to improving quality and reducing rejects is 
to make the task easier for the machine operator. 

But the classic organisation of production factories was evolved 
without taking either of these ideas into proper consideration. 

As a result the situation outlined in the foregoing came about, 
and foreseeable future developments in metrology are now 
granted to be along two lines : automatic sizing—where the gauge 
is to be applied to the part while machining proceeds, stopping the 
machine when size is reached ; and 100 per cent. automatic 
inspection by checking equipment, often multi-dimensional, placed 
beside the machine. 

Both these ideas will be gone into more fully later on, but we must 
say that it is our opinion that they are both very largely improve- 
ments of the wrong sort, and both far from being realisable for 
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many years to come without the likelihood of introduction of risks 
of error greater than the risks they are specifically designed to 
eliminate. 

Both are indisputably an endeavour to lessen the influence of 
human intervention. 

It is however necessary to consider the possibility of metrology 
providing the means of re-establishing the position the workman 
occupied when gauges were first evolved. Gauges at that time gave 
him the means to stay comfortably inside the boundaries of the 
accuracy demanded of him. 

It was only when requirements passed outside the limits of his 
normal perceptions that the operator began to produce reject parts 
—and the core of the contention being outlined here, is that the 
most important step now, is to equip the machine operator with a 
third eye, capable of placing him in the position of being the master 
of his job. 

If this is done, and it can be done, it is found that the ‘“* human 
machine ”’ has an absolutely unbeatable suppleness, and is in fact 
the very best factor in the economic running of a business. 

From the foregoing it might appear that we are laying a grave 
responsibility at the door of metrology, but there is naturally a very 
good explanation of the role played by metrologists in past develop- 
ments. 

Until recently, high quality gauges were physically limited to 
Standards Room use, by reason of their very fragility ; this was 
particularly true of indicating gauges. To have attempted to place 
high magnification indicating instruments in the hands of machine 
operators would have been disastrously expensive. 

This problem is solved however, and there exist comparators on 
various different basic principles which now can be used in this way. 

The significance of such a suggestion is in the effect on dispersion 
achieved by comparators used in particular ways on the machine 
itself, and the repercussions and implications of the results which 
will be found. 

The function of engineering tolerances is to cover the maximum 
acceptable variations in the size of a part or parts due to process 
variability—which we loosely term dispersion. This variability or 
dispersion may be inherent in the machine and machining set-up, 
or may simply come from the vagaries of manipulation of the same 
by the machine operator. 

The well known, if highly schematic, graph representing this 
(Fig. 1) shows the three factors which exist ; firstly, the centering 
of the size inside the tolerance, or the initial setting of the machine 
as it often is ; secondly, the spread of process variability in the 
machine and its condition of working, and lastly the rate of wear of 
the wheel or tool. 
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Fig. 1 

















BuUCCcESSIVE PARTS 


On a one-off job the first two of these factors are equally found, 
and as much value attaches to the same attention being given to 
them. 

Thus the solution offered by Machine Control is specifically 
based on the idea of making easy the sure centering of the dispersion 
zone inside the tolerance, and towards reducing the width of that 
dispersion zone. 

On the first point, two elements may vary widely : skill of the 
operator, and quality of the machine tool. In many spheres it is 
considered that as soon as a certain accuracy has to be held, very 
highly skilled operators must be used if tolerances are to be respected. 
There are as we know, men who can produce, if not at a fully 
acceptable speed, to extremely close limits. 

But there is no question that even such an operator cannot say if 
he has correctly centred himself in the tolerance. This centering is 
very important in fact, as it is the only basis for starting from. He 
can only modify our classic graph by reducing dispersion due to 
operator error—and this error can be seen further reduced if a 
comparator is put to suitable use ; in this latter case, completely 
unskilled labour can now be used, at the same time covering the 
question of centering in the tolerance, both initially and to offset 
effects of wheel or tool wear. 

As an alternative to skilled labour, recourse may be had to very 
high quality machine tools. Not only are these very expensive in the 
first place, but it will in fact be found that the replacement rate is 
also rather higher than is considered normal in this country, if 
accuracy is to be maintained. 

Experience shows in any event, that this solution is not entirely 
successful of itself. Although a great deal of progress has been made 
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in machine-tool design over the last fifty years, these improvements 
relate mostly to increase of production rate and of facilitation of 
manipulation, to the same end. 

That is to say, the weight of development has been directed upon 
all the aspects of cutting down cost price of the article produced, 
by reducing the labour required and increasing the speed at which 
the machine will work. 

Nevertheless, no manufacturer claims to be able with certainty to 
produce a machine which, after only a short period of use, can be 
used with certainty to move the slides by say .ooo1 in. or to return 
the slides to the same position as a previous one, with that accuracy. 

In this connection, the use of limit gauges on the machine is of 
interest ; it is no unusual thing in many factories to see operators— 
skilled or otherwise—producing parts with close limits on them, and 
using limit gauges to check their own work. Apart from questions 
of feel, they have little or no indication of where they are as size is 
approached, nor of whereabouts the finished part is, irrespective of 
whether it is inside or outside the tolerance. 

However, the necessity in most cases for 100 per cent. inspection of 
parts machined to limit gauges is the best proof of the latter’s fallibility. 

If the tolerance is wide enough in relation to manufacturing 
dispersion, the machine and operator will easily enough produce 
acceptable parts. 

It is amusing to see, as often happens in the same shop, an 
operator working to a limit gauge, while a few yards away there is 
an automatic or a press easily holding as close, or closer, tolerances. 

But if the tolerance/dispersion factor is approaching unity, either 
the operator is unskilled and has to grab at a fast disappearing size 
without being sure of what he is doing, or else the operator is 
skilled enough to “‘ sense ’’ a tenth and is an artist who is but slightly 
aided by a limit gauge anyway—and moreover such men are rare, 
expensive and only of reasonably high output at best. 

The use of limit gauges therefore does not help manufacture at all. 
They shift the problem to the Inspection Department, but it remains 
present in whole. In fact, once shifted away from the machine, the 
problem of accurate sizing becomes definitely insoluble. 

We may therefore examine the reasons for picking on slide 
movements as the most important factor in the problem. There are 
two aspects of the question : the movement of slides by a known 
amount, and the movement of slides to a known position. The 
latter is the same as saying the exact determination of slide position 
relative to size of part produced at that position. 

There are of course many other factors causing dispersion such 
as bending or other deformations, vibrations, influence of the method 
of holding the work, play in various parts, errors of centres, taper and 
so on. 
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MACHINE CONTROL 


Slide movements are however by far the most important of these 
causes of dispersion, and it will be found moreover that attention 
to this point provides in large part the means of dealing with the rest. 


It is here that the idea of automatic sizing arose. It 
Automatic would seem that by placing an instrument on a 
Sizing machine which follows the size of the part 

during machining, the operator could stop the machine 
when size was reached ; it might even be possible to perform this 
entirely automatically. 

Theoretically this solution is most attractive and should, it seems, 
allow any machine to be used for precision work. This, we well 
know, it does not do and in practice the use of continuous or auto- 
matic sizing devices is generally limited to plunge grinding on 
centres or mandrel. There are other cases where it may be used 
but these generally imply a machine of such specialisation as to be 
too inflexible for use on any but the very biggest mass-production runs. 

The possible drawbacks of automatic sizing as opposed to in-feed 
gauging have been gone into before,* but to make precision 
measurements certain conditions must be respected. For centreless, 
cylindrical or internal grinding, turning, milling or boring, there 
is no real way of measuring the part while machining is actually 
going on. It is far from easy to overcome problems of perpendicu- 
larity, contact, setting, resistance to shocks and vibration, space 
available and so on. 

In practice, the Arnold gauge or its derivatives are the only 
practicable solution to any of these problems. 


Considering merely the use of automatic multi- 
Automatic dimensional gauges placed beside the machine, some- 
Inspection times hopper-fed, it would seem that these, acting 

more as a production gauge than as an inspection 
gauge, might be of great assistance on close limit work in the 
catching of faulty parts on the spot as they are produced. 

Particularly if the means are available to use them for correcting 
the machine as often as necessary, such instruments are in theory 
closely allied to the idea behind Machine Control. 

However, setting aside their cost and specialisation there are some 
considerations which may suggest the advantages of a different 
method. Such gauges are apparently of most value for use with 
automatics, and in forming almost a running Quality Control chart. 
They must then be of the indicating type, if they are to be more 
than mere danger signals. 





* “The Theory and Practice of Machine Control.” pps. 8 and g publ. 
Solex (Gauges) Ltd. 
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It is often found, in the very sphere where such gauges should be 
of the most value, that they are of the least, since their mechanical 
complication renders them liable to troubles (mostly from going out 
of adjustment) the likelihood of which is as great or greater in effect 
than those inherent in the machine which they set out to watch 
over. It is sometimes argued that the success apparently achieved 
has been at the cost of unconsciously under estimating or ignoring 
altogether some aspects from the sum of the overall results over a 
period of use, that is to say, by forgetting the difficulties of the 
means in enthusiasm for the end. 

To use setters’ gauges—or setting check gauges as they are some- 
times called—which are more of an individual, manual, nature, 
can usually provide an equally good or better result, at a fraction of 
the cost and complication. The automatic gauge, checking— 
usually unnecessarily—every component, is subjected, with all its 
moving parts, to a much higher rate of wear. 

The most important characteristic of a good gauge must always 
be simplicity—in design and in operation. The supreme quality of 
good gauges is dependability, and simplicity is the only way of 
achieving this. Otherwise, quis custodiet ipsos custodes ? 


The problem summarised is therefore largely to make 
The use of indicating gauges or comparators, on the one 
Possibilities hand to show the machine operator what size he has 

produced, and on the other hand to render easy the 
translation of this result into suitable manipulation of the machine 
tool. 

The immediate results are to make easy the initial setting of the 
machine, to reduce the spread of dispersion, and to correct in good 
time the influence of tool or wheel wear. 

The technique stands wholly upon high magnification allied to 
robustness. 

Indirect, but not less interesting, are the possibilities opened up 
by the results found. The first and most important in fact, is the 
releasing of Inspection from its impartial role, to become a very 
active and powerful aid indeed in production matters. 

Apart from savings in view room staffs, space and handling needs, 
Inspection can readily make itself responsible for the surveillance 
of process variability in various machines. This allows the applica- 
tion of a system complementary to Quality Control and of a very 
much greater degree of simplicity, whereby faults in, or deterioration 
of, inherent accuracy of the machine and its set-up can be simply 
and efficiently dealt with. 


Usually, surface finish is automatically improved for reasons 
which will be gone into, unskilled labour can be used on precision 
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MACHINE CONTROL 


jobs, closer tolerance limits can be applied without decreasing speed 
or increasing rejects, and better use made of machines which had 
seemed a little past their best. 

Viewed in the light of all the foregoing it will be seen that metro- 
logy enters into every aspect of the problem, though it is little applied 
to the core of it. This metrology is capable of being applied, once 
suitabie instruments are available. 


Up to this point, all that has been said applies 
Suitable equally to any type of measuring instrument, but 
Instruments the question of the practical application to produc- 

tion of magnifying comparators will be discussed 
purely from the experiences made, using air as a medium of gauge 
operation. 

Nonetheless general conclusions apply equally to mechanical, 
electrical or other types of gauges, and it is merely by reason of the 
data available relating to air-operated gauges that a specialisation 
on one make of this type is to be found here. 

There are some inherent advantages attaching to air-operation 
which also make it perhaps the most interesting method of meeting 
the requirements. 

Though these were not all evident to the full when Marcel 
Mennesson first invented the use and cvolved the basic principle 
of air gauging, it has been found nevertheless that he had provided 
all the chief prerequisites from the s‘art. 

Briefly, the instruments to be put in the hands of machine 
operators must be, as has been said, of the indicating type. They 
must have high magnification of the order of 2,000 to x 7,000 
or higher. They must be sufficiently sturdy in construction to 
withstand the rigours of an existence in the works, and to remain 
reliable withal. 

There are other and apparently minor advantages, which may 
have surprising importance. Perhaps the best instance of one of 
these is an experiment carried out fairly recently at Volks- 
wagenwerk in Germany by Herr Orlich, their Chief Inspector. 

This was a comparison of the results obtained, over a month in 
each case, with two types of comparator checking and grading 
gudgeon pins. 

The first comparator head was an electrical one and the second 
an air-operated. The stand, its position, the operator and all 
other conditions of working were kept the same. 

The electrical head has of course a very high speed of response, 
whereas the setting of the air-operated one used was giving at a 
magnification of x 12,000, a speed of response of over 1 second. 

However, the nuniber of parts checked rose with the air-operated 
head, from the 20,000 of the electrical head, to 56,000. 
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Schematic diagram of Feed Gauge. 
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It seems at first sight hard to explain why an inspector should be 
able to check nearly three times the quantity of parts with an 
instrument which was ten times as slow in response. 

Careful investigation apparently showed that the reason was the 
reduction in operator fatigue. The high magnification employed 
with the air-operated head, and the vertical movement of a blue- 
green manometer column against a white background allowed the 
inspector to carry on regularly throughout the day. 

A similar phenomenon is noticed on multi-gauging where, com- 
paring two types of air gauges, one using Bourdon type dials such 
as were used for cannon shells in the last war and the other using 
manometer columns, operators on the dial type tend to become 
rapidly bemused, the rotational movement of a number of needles 
over closely spaced divisions soon ceasing to be observed at suffi- 
cient speed to match handling of the parts into and out of the gauge. 

In the Volkswagen experiment, the value of the increased inspec- 
tion rate was in fact not to enable more components to be checked. 
The rate achieved allowed the output figure to be far more than 
met, but the easing of the work was most important. The prob- 
ability of parts being wrongly graded or accepted was more than 
halved. 

This is a point of the greatest significance in organisations where 
a great deal of unskilled labour has to be used on inspection. 

It has been argued that the use of very high magnifications is 
dangerous, since it may well lead to difficulties in obtaining real 
accuracy, and also encourage engineers to undertake work which 
is too difficult in fact in proportion to the precautions which will 
be taken in other directions. 

It is true that such fears are justifiable if these high magnification 
instruments are strictly reserved for an Inspection which is indepen- 
dent of Production. Designers, influenced by the ease with 
which variations of a few hundredths of a “‘ thou.’’ can be shown, 
may then become a little immoderate in their choice of limits ; and 
for the same reason, others may lose sight of real values of dimen- 
sional variations. 

But when such comparators are used by Production very 
different results are achieved. 

The most striking example within our knowledge is the production 
of a crankshaft for a small two-stroke engine. <A closely watched 
experiment, covering over 150,000 crankshafts made in the Velo- 
Solex works in Paris during three years is perhaps worth going into 
fairly closely. 

Two external diameters are ground on the crankshaft, being 
respectively 15 mm. and 17 mm. with the unusually close (uni- 
lateral) tolerance of -oo3 mm. or -00012 in. The reason for these 
limits being imposed is to ensure*'correct form being obtained. 
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One operator deals with two machines, each equipped in the 
following way. Beside the machine is a vertical comparator, 
equipped with a suitable fixture on its table. Mounted on the 
machine itself is a second indicating instrument, connected to a 
poppet type comparator unit mounted on one slide of the machine, 
and abutting against an adjustable stop on the other slide of the 
machine. This is what is called the Feed Gauge. (Figs. 2 a, and b.) 

The first component is ground and measured on the vertical 
comparator. According to the result found, the stop of the Feed 
Gauge is adjusted, to show a reading corresponding to this size and 
the stop is locked. The infeed wheel is manipulated until the level 
in that manometer column reaches “ 0,” when the part is removed 
for checking, a second component having been inserted and the 
machine restarted, initially on automatic in-feed, to -0008 in. of size. 

During this period of automatic operation, the machine operator 
deals with the second machine, returning to the first to take over 
for the final cuts, which he makes by watching the manometer 
column of the Feed Gauge descend to “‘o,”” when the part is removed 
and checked. As the size of the component gradually increases due 
to wheel wear, this is measured and a corresponding amount added 
to the in-feed as shown by the Feed Gauge. 

An indication of dispersion of the machine and its set-up is 
automatically given by any differences between the results shown 
by the Vertical Comparator and the Feed Gauge, and the operator 
himself very quickly finds he can give an exact value for this 
dispersion from day to day. Of course any accidental movement 
of the slides is at once shown by the Feed Gauge. 

In this example entirely unskilled operators are used on what is 
a very high precision job at a high production rate. The operator, 
in fact, due to the high magnifications employed, has no idea of the 
real smallness of the tolerance. He finds it quite simple to remain 
inside it, and is thus not worried by it. After a few hours, he is 
capable of changing size or wheel dressing, without a setter’s help. 

On the quantity of crankshafts produced, rejects for dimensional 
causes fell to less than -1 of one per cent., and Inspection as such 
on the job has been completely removed, components going direct 
from the machine to the Assembly. 

However the Inspection Department still has a say in things—in 
fact a very much more important one. Apart from random sampling 
against their own masters (checking the setting of the gauges at the 
same time) the Inspection are responsible for the preventive main- 
tenance of machines and investigation of the reasons for any 
dispersion observed. The Inspection are actually capable of giving 
warning before a machine reaches the point where it is no longer 
capable of doing the work asked of it, and they play a large part in 
advising as to methods of “ picking-up ”’ jobs. 
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Variation of magnification coefficient in relation to size: Feed Gauge. 





Fig. 3 


The magnifications employed in this case, in common with usual 
practice in such matters, are of very great interest. 


The Vertical Comparator is set at about x 12,000, which allows 
the operator to judge very accurately where he is within the close 
limits. 

The Feed Gauge has a maximum magnification of about x 7,000, 
on a non-linear scale (Fig. 3). As size is approached, so the magni- 
fication rises rapidly. ‘This means that the manometer column 
drops with ever increasing rapidity. In effect, the operator, watch- 
ing the column all the way down, is forced to slow up his in-feed 
rate progressively as size is approached, 


From his point of view, the manometer column only begins to 
move downwards, and that slowly, at -004 in. from size—giving a 
warning in fact. Early increment divisions (at the top of the scale) 
are in -0005 in. steps and fairly close together. But as machining 
proceeds, the column drops through divisions representing smaller 
and smaller amounts, the last two or three “‘ tenths ” being widely 
spaced. The operator therefore is automatically using the optimum 
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rate of finishing, and is finishing each part with the same pressure 
o- of cut. The effects on surface finish and regularity of form, between 
on part and part are remarkably good. 
c) Thus, without any complicated mechanism, the same or better 
ng results are found as with other more specialised devices. 
me ; There is another characteristic of the type of gauges under 
ly discussion, and that is the ability to position the gauging head as is 
me f best on the machine, while the indicating part of the instrument is 
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installed in the most convenient place for the machine operator to 
see it (Fig. 4)—the two parts of the installation merely being con- 
nected by a piece of flexible tubing of suitable length. 

The last characteristic worth mentioning here is a very important 
one, viz. the degree of robustness compared to the accuracy and 
degree of magnification obtainable. 

Various makes of air gauges work on a number of slightly 
different principles, bu many of them are noteworthy for their 
complete absence of any amplification “‘ mechanism ” whatsoever. 

Air at a constant pressure may be passed through what is known 
as a control jet, which meters the maximum flow at that pressure, 
thence passing to the measuring orifice the size of which is con- 
trolled by the dimension of the part being measured. It is solely 
the relation in cross-sectional area of the control jet to the measuring 
jet which establishes the magnification coefficient—as one might say, 
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MACHINE CONTROL 


the degree of exhausting the pressure intermediate to the two 


jets in relation to a known change in effective escapement area of 


the measuring jet. 

In practice this not only obviously adds to reliability, but when 
linked to a water column having a certain amount of inertia, there 
is an absence of the effects of vibration—both constant and spas- 
modic. 

It need not be stated that this inertia does not of course affect 
accuracy, and in fact some of the highest precision instruments, 
produced on the basic principle outlined, have been sven on the 
advantages of this inertia. 

While concentration has been made on slide movements in the 
foregoing, there are many cases where tool-rotating machines can 
be similarly treated. The type of feed gauge used (Fig. 5) is known 
as a Tool Setting Gauge to distinguish between it and the classic 
Feed Gauge. The principle is the same—measurement by the 
Production Gauge, and translation by the Tool Setting Gauge. As 
will be seen, the latter is a comparator unit in a suitable adaptor. 
After measurement of the part the adaptor is clamped on, say, the 
boring bar; the comparator unit is adjusted to give the reading 
corresponding to the amount the part varied from nominal. The 
comparator is then locked and the tool-bit is moved in the bar, until 
the Tool Setting Gauge reads zero. The tool bit is clamped, the 
gauge removed from the bar, and machining proceeds. 

With the prerequisite of security always in mind there is, however, 
no doubt that other methods or basic principles could be used for 
the same results. But the basic ideas of highly magnified size- 
indications, robustness and reliability are a sine qua non in practice, 
and must at all times be in the forefront of engineers’ minds in 
connection with Machine Control. 


In spite of the diversity of machine tools which 
The Equipping can be equipped with comparator units, certain 
of Machines general rules may still be laid down. 

No matter what the machining operation may 
be, the equipment should always be in two parts (Fig. 6). The first is 
the Production Gauge, allied if necessary to a setting check gauge 
for variations outside the machine operator’s control. The second 
is one or more comparators fitted to the machine itself to ensure 
correct and simple manipulation of it. 

The choice of the Production Gauge depends naturally on the 
work to be done. An adjustable gauge usually covers one-off jobs, 
and a fixed gauge or only semi-adjustable gauge will cover produc- 
tion runs. Either may be gauged to work type or vice versa. 

On the subject of this gauge, two very important points must 
be made. It must never be forgotten or left unexplained, that this 


4 


463 





THE INSTITUTION OF PRODUCTION ENGINEERS 


Centreless grinder, gauge-controiled. 


Fig. 6 
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is not an inspection instrument. Measurements made on it are made 
by the machine operator and used, either to put the size of the part 
in the centre of the tolerance, or else to watch and offset the effects 
of tool or wheel wear as outlined earlier, using the comparator 
(Fig. 4) on the machine. 

This recommendation is in fact, of primary importance. Measure- 
ment of the part here is not, as with inspection, an end in itself, but 
is the intermediate operation required to be able to maintain the 
machine setting inside the tolerance limits. 

Unless this policy is adhered to, it becomes difficult to ensure 
proper use is made of the comparators on the machine. i 

Next, the Production Gauge should not be confused with a 
continuous sizing device, even if the former is of a type taken to the 
work without removing the component from the machine. Measure- 
ment should be made with the machine stopped, either after 
finishing, when on a run, or else before taking the final cut, on a 
one-off job. 

The comparators on the machine may be used in various ways, 
according to the work to be done. 

There are three headings under which these applications may be 
grouped. 
1st. Feed Gauge 

Here the comparator is so placed as to show with the accuracy 
required the value of movements of, say, the wheel head, in the 
zone of finishing of the part. Examples have been given in the 
foregoing showing the actual usage in the commonest type of case, 
viz. cylindrical grinding. 

The role of the Feed Gauge is a double one as stated, to centre the 
dispersion inside the tolerance limits, and to limit as far as possible 
the spread of this dispersion, to the point of making it negligible for 
a good machine and set-up. 

It is used, therefore, either to add the cut shown by the Production 
Gauge to be required, or else as a “ stop ’’ on production runs. 

The suppression of the effects of dispersion simplifies the sur- 
veillance required for the machine—this being largely confined to 
off-setting wheel, or tool, wear. 

An important error is frequently made when using a Feed Gauge: 
often it is expected to give the size of the part. Explanations already 
given, largely on the score of the importance of evaluating inherent 
dispersion, show why this is not the case. It is the Production Gauge, 
placed beside or on the machine for the operator, which gives 
information on the size of the part. 

According to the machining method, number of parts in the run, 
rate of tool-wear and so on, measurements will be taken at shorter 
or longer intervals. Experience very soon shows how long these 
intervals can be made in individual cases. 
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This is why the combination of Feed Gauge and Production Gauge 
constitutes a sort of running Quality Control Chart. It is obvious 
that the idea behind Machine Control is in exactly the same spirit 
as Quality Control, if developed a little differently. 

The two systems are complementary. Quality Control deals with 
mass-production and medium accuracy—and particularly where 
operator intervention does not occur over long periods, as on 
automatics. Machine Control covers the high precision jobs not 
provided for in practice by Quality Control, or sometimes not 
economically possible under Q.C. 

It is at this stage a little difficult to foresee what will eventually be 
formulated as statistical control when comparators are very widely 
used in the way outlined. That is, the finalised line (so far as 
such things can be finalised) on which the full system of Machine 
Control will develop, is open to deliberation and empirical con- 
firmation. 

There are already two or three differing methods being used to 
take advantage of the possibilities, and Inspectors—who mostly 
have experience of Quality Control nowadays—can visualise not 
only a simplification of that method, but extended use, of such 
simplication. 

The example previously given of a cylindrical grinder covers 
most cases of this type of machining. (Fig. 6 shows the same basic 
idea applied to a centreless grinder). 


The job here is through grinding of gudgeon pins 11 mm. 
diameter to 5 microns (0002 in.). In the background is the 
Production Gauge, a light comparator with vee table to check for 
triangular lobing. The machine itself is fitted with a Feed Gauge— 
the comparator unit being fitted in an extension tube to bridge the 
gulf, and allow mounting in the best position. 

Parts are delivered by the machine into the operator’s hand for 
checking on the light vertical comparator—the workman being 
seated by the machine and not having to move to receive the part 
from it. 

Initial setting of the machine is made as before, by using the first 
part, measuring it on the Production Gauge and using the Feed 
Gauge to manipulate the infeed wheel of the amount required— 
using “zero” on the graduated scale against the Feed Gauge 
manometer, for nominal size. 

While machining of the run of parts proceeds, the operator 
watches the column of the Feed Gauge to check its immobility—any 
fluctuations of too great an importance are an immediate indication 
that the set-up is not capable of producing the precision required. 
This is the simplest example of a Feed Gauge showing inherent 
dispersion. 
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MACHINE CONTROL 


In the example under review, the cut taken is kept light, as this is 
necessary to obtain sufficient accuracy. Wheel wear is therefore 
low, and the operator only checks one in ten parts. As the size of 
each tenth part gradually rises, the wheel position is adjusted to 
recentre in the tolerance, without stopping the machine. Again 
there is no inspection as such, the fintshed parts going straight to 
the assembly line. 

Another use of Feed Gauges—actual applications are very 
diverse—is on milling machines. Milling is an operation which 
for high accuracy, often has a bad reputation. There are complaints 
of lack of flexibility, low output and a need for highly skilled labour 
for even only medium accuracy. Mass-production milling over- 
comes these inconveniences, largely by using a great degree of 
simplification, but in small or medium-sized factories a classic type 
milling machine is still indispensable, and comparators can be a 
big help in its use. 

About the biggest difficulty in milling is the determination of 
co-ordinates—a problem general to all machines including a 
system of setting on them. 

Here the Feed Gauges, which may number five or six on one 
machine, may even be used with Production Gauges which are 
simple in the extreme. Although accuracy of the results depends 
on the accuracy of the Production Gauge, such a use of Feed Gauges 
will simplify the work often to a sufficient extent to allow unskilled 
operators to be used. 

Application of Feed Gauges to surface grinders can readily be 
realised, and there are many other types of use—( Figs. 7 and 8) 
down to becoming practically an extensometer, for example, on 
the frame or legs of a rolling mill. 
and. Calliper Gauges 

Having previously stated that the Arnold type gauge is only 
applicable to certain machine problems, to wit plunge grinding on 
centres or mandrel for production runs, it is however usually an 
obligatory solution when such a component is subject to any degree 
of bending—steadies or no. 

It is unfortunate that in a number of cases this solution is not 
admissible since parts of much flexibility are, for-example, often so 
long that traversing cuts have to be made. Here the Calliper Gauge 
is not usually so successful. 

Actually, examining a Calliper Gauge through the eyes of a 
metrologist it will be seen that every factor which could make it 
defective is united in it. However, the influence of the rotation of 
the part, and the presence of coolant allow the contacts of the gauge 
to slide adequately, and are conducive to the gauge assuming a 
properly perpendicular position to the plane in which measurements 
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Fig. 7. 


{ Tiyehings 





Feed Gauge and Production Gauge on semi-automatic lathe. 
Fig. 8 -——> 


Rough and fine boring of small cylinder, gauge controll 
One operator to two machines. 
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must be made. So in spite of appearances, like the famous bumble- 
bee which is proven unable to fly, repeatability is very good with 
this type of gauge; so long as initial setting is accomplished with a 
reference piece in the machine, measured under the same con- 
ditions as the component will be, good results are obtained. 

Here, perhaps even more than with a Feed Gauge, air-operation 
with its special characteristics shows to striking advantage. The 
non-linear character of the scale already discussed, seems to give 
even better results on form and surface finish. Resistance to shocks 
and vibration, and other factors have led to very large scale use 
being made of air-operated Calliper Gauges. 

Details of results given by Messrs. Debos, Pommier and Tordaist 
show some remarkable results from the mere replacement of the 
clock on Calliper Gauges by an air-operated comparator unit. 


One example at Messrs. Renault, France is on the grinding of 


crankshaft journals, where such modifications were made to 
Arnold type gauges. 

The tolerance on the 760 c.c. engine crankshaft is -0005 in. 
unilateral. The replacement of the dial gauge was with an air- 
operated comparator unit giving the usual type of non-linear scale 
produced for such cases, with magnification rising to x 5,000 at “‘o.”’ 

Without altering production rate, rejects at once fell to practically 
nothing, and the cost of the installation was paid for in some 
40 working hours, the value of improvement in form and finish not 
being taken into account in estimating this. 

It is a point of interest in passing that it is usually found better 
not to show the tolerance of the part against the column of the Feed 
or Calliper Gauge. The nominal or “o”’ is boldly shown, and the 
operator works to this. This leads him not only to benefit to the full 
from the effect of the increasing magnification, but tends to make 
him aim at the centre of the tolerance, and lastly tends to avoid the 
manometer being merely glanced at instead of followed down with 
the eye. 

The question of automatic sizing again occurs in conjunction 
with the use of Calliper Gauges—in this case usually meaning a device 
first to reduce rate of in-feed and next to stop the machine. 

Of course, a Production Gauge is in any event necessary beside 
the machine, but where even only automatic stopping of the machine 
is incorporated in the Calliper the Production Gauge becomes in- 
dispensable. Accidental variations may otherwise lead to serious 
trouble, as this can affect a number of parts. The more complicated 
the automatic device the greater such risk of variation becomes. 

The crux of the two points of view is the labour aspect, and 
opinions among impartial engineers vary widely enough to show 
that drawbacks do exist with the use of these automatic devices. 
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MACHINE CONTROL 


We have ourselves been associated with some two or three 
differing types of automatic sizing devices and there is no doubt 
in our minds that the decision for or against can only be taken by 
the user himself. 


3rd. Various Uses of Comparators for Production 
It is not possible to go through all the applications but some of 
them are:— 


Tool Setting Gauges, as already mentioned. 

Comparators used to adjust out taper, or give a required, taper. 

Installation of comparators for accurate positioning of the 
component on or in the machine, depth stops for boring, and many 
others. 


Machine Control is effectively a radically different 
Some Points treatment of the whole psychology of production 
of Debate matters; it is not easy to grasp at once, without 

a practical demonstration of gauge-controlled 
machines and some personal experience of the extent in improve- 
ment in morale, quality and simplification. 

That it is such a benefit for the machine operator to know 
exactly where he is at any given moment, that inspection as such can 
be removed from a very high precision, high output component, is 
hard to believe possible at once. 

Normally in discussion of Machine Control with anyone who 
has not yet been able to consider the jidea on his own, three main 
queries are always raised. 

One has been dealt with in the foregoing, that is, comparing 
Feed Gauging with automatic sizing. 

For the two others, experience has provided a valid answer. 

For example, the system is of value for machines which are not 
of the very best precision and quality generally. Feed gauging is of 
interest as soon as tolerances get as small as -oo2 in. The main 
ideas leading to the development of the gauges and applications in 
connection with the system were, in order of importance :— 


(1) Reduction of rejects. 


(2) Simplification in use of machine tool, i.e. increase in produc- 
tion rate. 


(3) Reduction of Inspection costs and expenditure on instruments. 
(4) Increase in precision. 

(5) Use of unskilled labour on precision work. 

(6) Evaluation of inherent machine dispersion, 


and some very interesting figures from Messrs. Timken (France) 
bear out this contention: see table, Fig. 9. 
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MACHINE CONTROL 


Increase in precision occupies fourth place only. In fact, the 
results in this sphere seem automatically so good, that it becomes 
secondary in importance from the gauge development point of view. 


The better the machine, the greater degree of precision is 
naturally arrived at—but not necessarily the greater degree of 
improvement. 

Another point of discussion is whether or not the “ reliance ”’ 
apparently placed in the machine operator is too great. This is a 
basic query, affecting as it does the validity of the entire system of 
Machine Control. 


Apart from actual experience which proves the point to be in 
practice quite acceptable, perhaps the best illustration is by allegory. 
If the machine operator were to be in the position of a man attempt- 
ing to throw components into a small box from thirty feet away, 
it would be reasonable to suppose he would score a number of 
misses. If, however, the box were a large one, and right under his 
hand, it would almost be more of an effort to miss. 


The Feed Gauge plays the part of placing the tolerance under the 
operator’s hand, and the high magnification of the size indications 
increases the dimensions of the tolerance from the operator’s point 
of view. 

It is, in fact, more of an effort for the operator to produce the 
wrong size than to produce the right one and, when the dispersion/ 
tolerance ratio approaches unity, it is usually the machine operator 
who gives warning by rightly complaining of his work becoming too 
difficult. 


In Machine Control there is a very important 
Conclusions possibility of making an overall step forward in 

precision engineering methods and factory organisa- 
tion. 


The system is not a straight development of existing methods 
accepted as classic, but rather is a swiftly developed answer drawn 
from another turning from the earlier cross-roads at which the road 
to the now “ classic’ layout of Inspection was, in fact, followed. 


Metrology should be largely employed in finding aids for 
production, and for machining particularly. This is an enormous 
field of activity which as yet is only partly explored. 


The concentration on putting gauges to work in order to avoid 
rejects, instead of to discover them after it is too late, and the 
consequent practical application and consideration of gauges as 
part of a machining operation, leads to a radical change in outlook 
of the whole factory. 
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Machine Control is no mere theory; it has been widely tried and 
has proven its worth, even when the very best use is not made 
of the possibilities allowed by it. 

Real progress can only be made when the machine operator 
can see what he is doing. The proper function of metrology 
is to allow this, by extending and sharpening his percepticns. 
The gauge designer must consider himself, and be considered, 
the ally of the Production Department at all times. 
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GENERAL MEETING of the INSTITUTION 
London, 3rd July, 1952 


HE President of the Institution, Sir Cecil Weir, K.C.M.G., 

K.B.E., M.C., D.L., presided at a General Meeting of the 
Institution held at the Royal Empire Society, London, on grd 
July, 1952. 

Opening the proceedings the President said that his first duty 
was to introduce himself, as it was the first Meeting of the Institution 
which he had attended in his official capacity. He felt greatly 
honoured that he should have been invited to accept what he 
considered to be the very important position of President of such a 
fine Institution. It was also gratifying that the first meeting which 
he attended as President should prove to him how great was the 
interest taken by members of the Institution in modern develop- 
ments. He realised that he had started a year—it might be a little 
more—of hard labour, because the President of the Institution of 
Production Engineers was expected and would wish to make his 
contribution to the work of that body ; but he knew he would find 
it very agreeable and educative. 

In fact, his education was beginning right away, and he desired 
on behalf of the members to extend a very warm welcome to the 
two authors of the very interesting paper on ‘Machine Control— 
The Use of Comparators for Production,’’ Mr. J. D. Richards and 
Mr. R. Yribarren. 


Mr. Yribarren was born in Bayonne and educated 
Introducing in France, in which country he had spent most of 
the Authors his life. He joined Solex in 1931 as a boy in the 

carburettor service station, and was still with the 
organisation. The first twelve years of his service with the company 
was spent in going through the various departments of the business. 
Mr. Yribarren had specialised in the development of air gauges 
and, whilst he was a prisoner-of-war in Germany, during the last 
war, he made a concentrated study of metrology. 

In 1944, a company called the “ Société d’Application de 
Metrologie Industrielle *’ was formed in France and was mainly 
concerned with the large scale manufacture of air gauges. Mr. 
Yribarren, as General Manager of that company, was given the 
responsibility of launching the project and strengthening the 
international gauging organisation, operating in a number of 
countries. , 

He was the author of a number of papers on the subject of 
machine control and was, as one might imagine, a strong and 
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convinced believer in the use of gauges as aids to production rather 
than merely for checking measurements. His papers had been 
presented in many parts of the Continent, but it was the first 
occasion on which Mr. Yribarren had taken part in a discussion 
before an English audience. It was particularly pleasing that he 
should have such a fine audience, and the President could assure 
him, knowing many of the people present, that, in the engineering 
industry, it was a very distinguished audience. There were people 
present from a large number of associations as well as from a great 
many of the best known firms in this country. Mr. Yribarren’s 
previous papers had been presented in Stockholm, Milan, Turin, 
Paris, Zurich, Brussels, Barcelona and Lisbon, and he was a very 
great authority on the subject. 

Mr. Douglas Richards was a director in the Solex group. He 
was educated at Marlborough, and went straight from school into 
the British Solex Gauge Experimental Department whilst awaiting 
his call-up as a member of the R.A.F. Reserve. The next four years 
he spent first in the Experimental Department and later undergoing 
technical training on the bench, and he was subsequently appointed 
assistant to the Chief Engineer. During that time he transferred 
to the Fleet Air Arm Reserve. 

Since 1947 he had acted as assistant to the Managing Director 
of all the companies in the British Solex organisation and had 
himself been appointed to the Board of Directors. 

Before calling on Mr. Richards to present the Paper, 
Tribute to the President said he was very glad that Mr. Walter 
Mr. Puckey CC. Puckey, Deputy Controller of Supplies (Air), 

Ministry of Supply, was present, and he desired to 
express his appreciation and, he felt sure, that of all the members of 
the Institution, for the wonderful work which Mr. Puckey had done 
as Chairman of the Institution of Production Engineers. 

As to the subject matter of the Paper, probably everyone realised 
the importance of machine control. Everyone recognised the great 
importance of trying to reduce the number of rejects on inspection 
and, indeed, of making the job of inspection, which was so very 
important, a great deal easier and a great deal less expensive to the 
companies which had to have large inspection departments. 

Mr. J. D. Richards, presenting the Paper which appears on 
pages 447/474, said that it was a little difficult to write a Paper 
on machine control because it was not a subject which dealt 
with facts and figures. The results of experiments could not be 
recounted in detail nor could any concrete information be given. 
The object of the Paper was to try and put over an idea, to put over 
an outlook, particularly in regard to gauging instruments, which 
was not based on anything existing at the present time. It was 
stated towards the end of the Paper—in a mixed metaphor !—that 
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it was drawn from an earlier state of affairs, that is to say, when 
measuring instruments were first used by, and first produced for, 
the machine operator. Therefore it was rather difficult, on first 
acquaintance with the subject, to grasp at once exactly what the 
differences were in outlook, what exactly were the implications 
in the use of the system, and what advantages could be derived 
from it. 


Since the first division was made between Inspec- 
Development tion and Production—when the first measuring 
of Measuring instruments were put into the hands of somebody 
Instruments who was not actually using them to help him 

produce the job—the design and development of 
measuring instruments had been moving towards perfection with 
the idea of putting them at the service of inspection. In other words, 
the job of Inspection had become, other things being equal, more 
and more easy by virtue of the instruments which had been placed 
at the disposal of inspectors. On the other hand, things on the 
Production side had become correspondingly more and more 
difficult; demands were being made to produce to tighter tolerances 
all the time; Production was being asked to use a higher percentage 
of unskilled labour and, unlike Inspection, did not possess the same 
means of knowing where it was or what it was doing. 

There was a certain amount of what one might call “ fear’ on 
the part of the Production side in respect of the work of the Inspec- 
tion Department, and it was only when Production wanted 
indulgence from Inspection that it tended to ask for help from the 
latter. In other words, Production did not go to Inspection to ask 
for help on machining problems, or for assistance in producing 
better parts. It went to Inspection usually to ask for help in 
exercising its discretion and there had, in fact, been in this country 
during the last war a number of gentlemen known as “ quality 
engineers ’’ who had powers to override the black and white findings 
of the Inspection Department. These were not part of organisation 
generally, but existed in many big and good factories. 

The inference was that if parts were acceptable outside tolerance 
limits, the limits at which they were rejected were probably too 
close. But the inference was also that some other agency was needed 
to help the Production side, based on the findings and the figures 
available to Inspection. 


When the idea of machine control came to be 

The Toolmakers’ considered very seriously and came, moreover, 
Reaction to be presented to individual engineers in 
_ industry—the people who would use it—it 

was very important to realise that there were two types of people 
who should devote their energy and brains to developing the idea. 


* 
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There were present, he was pleased to see, members of both the 
M.T.T.A. and the G.T.M.A. who were, in point of fact, two of the 
most important bodies in industry for the development and accep- 
tance of the idea of machine control. It depended on the machine 
tool manufacturer very largely whether the idea was fruitful, 
accepted by the users, and whether it was accepted as being 
something normal. Opposition from machine tool manufacturers 
was very difficult to overcome in the face of the normal, initial, 
psychological reaction of the workmen who were asked to go on to 
machine control. It was a very curious fact that in practice it was 
the unskilled workers who jumped at machine control, who liked 
it and who very often, after experience, asked for it. It was the more 
skilled man who often believed that the system robbed him of some 
of his professional qualifications. In fact, that was not true. 
Machine control should be looked upon in this question with 
the idea of feed gauging only, which was the basic application of a 
measuring instrument on the machine to enable the operator to 
translate the size of the part found, into suitable manipulation of 
the machine tool. It was a system which materialised the inherent 
dispersion of the machine. This was a factor outside what might be 
called the normal human perception which a skilled operator could 
use because he knew his machine. It was found, after the system 
had been properly tried, and if the people responsible for putting it 


into operation had one or two of the points raised in the Paper — 


clearly in mind, (in particular that these gauges were not inspection 
instruments but were part of the equipment of the machines and 
part of the machining process), that the professional qualifications 
even of a highly skilled man were improved by machine control. 

That was mentioned somewhat at length in order to show the 
importance of the machine tool. manufacturer understanding the 
aim of putting those instruments on the machines. It was not always 
easy to ask him to do it because it readily showed up inherent 
dispersion in the machine. Experience showed that even on new 
machines of very good makes there was a good deal more inherent 
dispersion than one might have believed. It was important that the 
machine manufacturer should know exactly what the idea of 
machine control was, so that he could help to get the idea put over. 

The purpose of the Paper was really to encourage both Production 
and Inspection to consider each other as allies helping to solve the 
problems of production. When one had grown up with an idea 
which was radically different, it was difficult to ask somebody to 
accept it at once. 

The other purpose of the Paper was to encourage the gauge 
makers and gauge designers to put more of their energy and time 
into producing instruments for that purpose, rather than for the 
purpose of putting them at the disposal of Inspection. 
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There were three real origins for the need for 
The Need for metrology, one of which was that of accuracy, 
Metrology because of the need for some amplification method 

to enable the operator to extend his powers beyond 
those of which he was capable unaided. The second was the 
problem of unskilled labour. That did not appear to be a problem 
which necessarily required metrology, but it was so because unskilled 
labour had no idea of the problem or even the meaning of .ooo1 in. 
In fact, there were many different ideas as to its meaning. To many 
people it meant the difference in two divisions on a clock gauge, 
to many other people it meant something else, but to unskilled 
labour it did not mean very much at all. The third origin of 
metrology was the incidence of rejects. It was contended that this 
really became noticeable when the ratio between the tolerance 
on the part and the inherent dispersion of the machine approached 
unity. 

The biggest factor for metrology in solving all three of those 
problems was always high magnification. In all three cases, in fact, 
magnification served the purpose of widening the walls of the room, 
if it could be put in that way. There was more room to move 
inside high magnification. To obtain the results normally found 
with machine control, the starting point should be the mere 
application of a Production Gauge and of a Feed Gauge to a machine. 

There was a tendency in the Paper to go to a further stage of 
development of machine control than was possible in this country 
at the present time. It had been running on the Continent to an 
increasing degree for a matter of five or six years and there were 
Production Engineers who had experience of it over a period of 
five years, on their own production problems. They were obviously 
more at home with it and had time to develop it further. But if the 
Feed Gauge and Production Gauge idea were adopted, the remaining 
after-possibilities which were mentioned did become obvious. The 
mere use of gauging instruments in that way often had the effect, 
for example, of reducing the reject level to the point at which 
inspection had no worries or troubles on the score of articles 
produced from a gauge-controlled machine; other possibilities 
followed in the same way. 

There was perhaps another point which could be made on the 
score of high magnification and the idea of feed gauging, namely, 
measuring the movement or indicating the position of the machine 
slides which was, of course, basically nothing new. Clock gauges 
had been used for years, for example, on milling machines, and 
there might be some question why the system of feed gauges was 
in any way different from the clock gauge; the answer came back 
to magnification. 

The effects obtained from the non-linear scale which had been 
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used up to the present time on feed gauging, and the effects of the 
high magnification as zero was approached were outlined. They 


were to make the operator progressively slow down the rate of 


infeed and finish with practically no pressure on the part: There 
were figures available of the effects on surface finish and on form. 
Both were extremely good and both were obtainable only with 
difficulty by any other method. 

It was appreciated that a new job for Inspection was outlined 
in the Paper which appeared to be rather different from that which 
existed at present. It was true that the Paper tended, perhaps, to 
over-emphasise the point being made, and it was realised that it 
was not possible in almost all cases to abolish the Inspection 
Department; but it was suggested that it was possible for the 
Inspection Department to become an active aid to production and, 
if necessary, to be described by a different title, because that always 
made new ideas more acceptable. The title might possibly be 
that of “ Quality Engineers.”’ 

Recently there had been quite a lot of interest taken in preventive 
maintenance on machines and under the system of machine control, 
preventive maintenance was easily dealt with. Again, in a large 
scale production factory, space requirements were very important, 
and there were the difficulties of having alternative machine tools 
for the job and extra space for the work to be carried out at short 
notice should a machine break down without warning. The 
preventive maintenance allowed by machine control afforded a good 
opportunity to make preparations in advance for taking the machine 
out of service before its dispersion ratio had ever reached anything 
like unity with the tolerance imposed. 


DISCUSSION 


Mr. Dormer (Ministry of Supply), in opening the discussion, said 
that his first duty was to apologise on behalf of Mr. S. W. Rawson, 
the Director-General of Machine Tools, Ministry of Supply, for 
his inability to be present. He had intended to be present and open 
the discussion but, unfortunately, he was called away. 

The gauge and tool section of the engineering industry was a 
problem child. Sometimes it was asked to perform absolute wonders 
and at other times it was so neglected that the N.S.P.C.C. might 
well be called in! In times of rearmament the demand for gauges, 
special fixtures, etc., placed an overwhelming burden on the 
industry. So far all developments in gauging had been along 
traditional lines; material was gauged in a machine and by 
inspectors. Recently, however, he had been privileged to see an 
entirely new approach to the problem, the Solex control system. 
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Briefly that system placed more responsibility on the workman 
than hitherto, and it enabled him to control an intricate machine 
with less skill than before and to maintain the accuracy of the 
product. That which had been heard already might well persuade 
many to consider departing from the traditional lines and adopting 
some such system as had been outlined by the authors. That would 
have a two-fold advantage inasmuch as, first, the call for traditional 
gauges would not be so heavily stressed in times of rearmament, 
and, second, the workmen would be in a position to turn out more 
accurate parts with consistency, and the number of rejected parts 
would thereby be lessened. That was what the industry was looking 
for. The great scramble to try and persuade somebody to make 
something more intricate than he had ever made before was putting 
many grey hairs on his head as well as on those of other members of 
his department ! 

Mr. J. Loxham (Managing Director, Sigma Instrument Company) 
said that the technique outlined in the Paper gave the machine 
operator or the Patrol Inspector the means whereby he could see 
two important features in a production process. The first was that 
proportion of the tolerance which was used by inaccuracies in the 
machine. The magnitude of this feature could be measured, for 
instance, on a five-spindle automatic lathe by taking ten pieces, 
produced consecutively, measuring them on _ a. particular 
dimension and noting the spread of size in the small batch. The 
magnitude of the spread of size should not exceed 30 per cent. of the 
total working tolerance. If it was larger than this amount the 
machine operator was being asked to undertake a task which was 
very difficult, very wasteful and, in consequence, very unprofitable. 
The second feature was that of being able to observe the movement 
of mean size inside a tolerance boundary. It was likely that in 
future years there would be great developments in the technically 
very sound technique of giving the person in control of the manu- 
facturing process, the means whereby he could observe by measure- 
ment changes these two important features of the production 
process. 

The new technique was a logical step in the development of an 
efficient system of engineering production, and any effort expended 
in studying the application of this new system to the control of 
quality of mass produced engineering parts was likely to give very 
good results. 

The Paper described one particular system of air gauging. There 
were other systems of air gauging and, in addition, he thought the 
authors would agree that certain inspection problems could best 
be solved by mechanical comparators, electrical comparators, 
optical comparators or optical projection. Therefore, the important 
part of the Paper would appear to be the exposition of a technique. 
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He could not give quite the same support to some of the practical 
applications cited. For example, Fig. 5 showed a means for setting 
a tool in a boring bar. That operation was a very simple one, and 
probably more than half those present knew that in Britain a device 
consisting of a “ V”’ block with a micrometer mounted at right 
angles to it had been used for many years. The “ V ”’ block was 
placed on the boring bar, the micrometer was adjusted and the 
results read. That was a much simpler and completely satisfactory 
system. 

Reference was made to the benefit of a non-linear scale, but with = [ 
respect he suggested that the authors should have referred to the J 
disadvantages of a non-linear scale, for it would not be true to say 

_ that there was none. The majority of cases quoted in the Paper 
referred to machine control of grinding machines, and some of them 
were very good and deserved very careful study. It would be 
interesting to know whether the authors had any experience such as 
controlling the quality of a small brass fuse cap about 3 in. diameter 
by } in. long, and requiring control of nine separate dimensions and 
including outside and inside diameter, external and internal lengths. 
The part to be made on a five-spindle lathe which, during the metal 
cutting period of the operation, would be flooded with oil. Had 
the system been used for the control of such operations? That type 
of operation was fundamentally different from that of controlling a 
grinding machine where one dimension only was under considera- 
tion and the cutting medium, in the form of a grinding wheel, was 
subject to rapid wear. In addition, in the control of grinding 
machines by the method described in the Paper the operator con- 
trolled the size while the operation was in progress. On the five- 
spindle automatic lathe the setter set the machine, he then made a 
part and when the manufacturing process on that particular part 
was completed he measured the part. He could not control the 4 
machine during the manufacturing process; there was no 1 
mechanism provided with which he could do this. 

It was suggested that one of the uses of the fully automatic 
Inspection Machine was to place such a machine near the manu- 
facturing machine and in that way, it would act partially as a means 
of machine control. As the person responsible for the conception, 
development, manufacture and supply of a fair number of these 
machines, Mr. Loxham desired to point out that he had not that idea 
in mind. The original use, and he still believed the best use, of an 
automatic machine was to remove the few faulty parts which it was 
thought might be present in a quantity of finished parts. 

In his view, the most important service which inspection could 
and should render to production was to help to control the manu- 
facturing process. The technique described in the Paper was one 
method, but there were others. Some production processes were 
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of a type which could be controlled so well that there was no need 
for a fully automatic machine, or any other system of one hundred 
per cent. final inspection to be used. There were other processes 
where, if they were run at the most efficient operating speeds, some 
faulty parts were inevitable. If the quantities produced were 
large and it was desirable to remove the faulty parts from the bulk, 
some form of mechanised inspection was usually the most efficient 
way of carrying out the operation. 

With regard to the use of unskilled operators, Mr. Loxham very 
much deprecated the fact that in this country it was claimed to be 
necessary to make manufacturing processes so simple that any fool 
could do them. This was not sound long-term planning, particu- 
larly when such vast sums of money were being spent on educating 
the younger generation. If great care was not exercised, we should 
spend our efforts developing a technique which semi-civilised 
countries, whose standard of living was much lower than that 
demanded by the British worker, could copy to their considerable 
gain and to our grievous loss. He submitted that by the use of 
techniques of the type described in the Paper, which would give 
accurate technical information of a kind which was not available 
when the operator was supplied with fixed anvil type gauges, it was 
possible to increase speeds and feeds and observe the minute effect 
of such changes made in the quantity of the parts produced. By 
the use of highly skilled operators using instruments to control 
the complicated manufacturing process, it was possible to produce 
by mass production methods articles of quality which were superior 
to the fine hand-made products about which far too much was said. 
The welfare of the engineering industry of this country depended 
to a large extent upon the. ability to combine all the benefits of 
mass production, complex mechanisation, machine control by use of 
direct indicating or recording instruments, highly skilled planning 
engineers and finally and very important, highly skilled machine 
operators. 

Production engineering as carried out in this country at the 
present time could not be classified as a science. Hazleton used to 
say to the speaker, ‘“‘ Loxham, what can we do to make production 
engineering a science ?’’ and the reply which Mr. Loxham gave 
to that question fifteen years ago he repeated in present times. 
It was that a start should be made to measure the things produced. 
When once a start was made on measuring the things produced, it 
was possible to observe the nature of the process and to do something 
to control the process as a result of that measurement. This consti- 
tuted approaching a production engineering problem in a scientific 
manner. He asked the President, in his high office, to do everything 
he could to elevate the influence of production engineering. It could 
be done and the Paper was a valuable contribution in that direction. 
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Mr. Hessen (Ministry of Supply) said that he found the Paper 
very interesting, particularly as he had had the privilege of seeing 
the system in operation in France and, at the same time, had some 
practical experience of trying to set it up in the Tool Room over 
which he had jurisdiction. 

Mr. Dormer had already pointed out that in times of rearmament, 
the gauge-making industry had no chance to help anyone else 
when coping with the order on which it was engaged ; in peacetime, 
however, there was plenty of opportunity of taking every order 
which came along. In his position, he had to get the gauges which 
were so necessary for a branch of the Ministry of Supply to control 
the contracts which were placed, and in many instances this was 
very difficult. 

The gauging policy had been changed as a result of the experi- 
ences which were gained at the cessation of hostilities, when it was 
found that the Ministry of Supply Inspectorates had a large 
number of gauges which were used for final inspection work, as 
well as a second lot of similar gauges used by the contractors. The 
problem had been studied very carefully and there had been a 
departure to a great extent from the policy of fixed gauges, in 
favour of application of experience in measurement as suggested by 
Mr. Loxham. There was no doubt that if components could be 
measured it would assist production. 

The days had gone when the Inspection Departments simply 
picked up an article and rejected it. Industry prided itself on the 
fact that Inspection Departments did not act that way, but could 
pick out an article and say: “ This is wrong and we can tell 
you by how much.” This was a very valuable departure from the 
past, which had to be borne in mind by everybody. 

He did not entirely agree with Mr. Richards when he said that 
the relationship between Production and Inspection was on 
the original basis. Perhaps he misunderstood him. Those days 
had gone and would probably never come back. At the same 
time, the question of machine control could not be ignored on the 
grounds that because an unskilled individual could operate a com- 
plicated machine, the inference was that this country would be 
driven to ruination. In Mr. Hessen’s view this was incorrect, 
particularly if the country was facing a period of tension or—God 
forbid—a war. Then every person, however little mechanical 
experience he or she might have, had to turn the handles and 
produce the equipment required. From that point of view, we had 
to bear in mind that it would be our task to encourage the use of 
unskilled labour. 

There were machines that could produce articles in their 
millions—some of them good and some of them bad—and some of 
these articles had to go into components which had lethal ends, 
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such as explosives; one could not absolutely rely on any form of 

control except one hundred per cent. inspection. A component 

which was slightly outside its tolerances might cause death to one or 

a dozen men, and any reasonable person would not expect a soldier 

to take such a risk unless there was a hundred per cent. assurance. 

By the use of Machine Control and the conventional inspection 
method, merged together, probably better results could be obtained. 
It was generally recognised that inspection was an overhead. It 
was also true to say that any inspection which was carried out 
purely for inspection’s sake was wasteful. If a system could be 
employed which would cut down the Inspection Departments (the 
system described might produce that result), then everyone was 
bound to pay as much attention to it as possible, as this would 
naturally improve production and reduce production costs. 

Mr. Mark H. Taylor (Managing Director, Taylor, Taylor & 
Hobson, Ltd.) said that he had had experience over at least ten years 
of practising the general principles which were outlined in the 
excellent Paper; but in his view it skipped very lightly over the 
most important aspect of the whole subject, namely, the psycho- 
logical aspect. 

In industry there had been a tendency to overwork the people 
at the top with technical problems, and to expect them to use their 
brains and not their hands, and to give an opportunity to the 
machine minders to use their hands only and not their brains. It 
would seem that if the desired degree of productivity were to be 
achieved, it was necessary to make sure that there was enthusiasm 
at all levels. Nobody was enthusiastic, however, unless he were 
given an opportunity of using his brain to the maximum extent of 
which he was capable. The machine operator must be given an 
opportunity of using his brain, and be allowed to feel that when he 
had done a good job, it had been done well because he had person- 
ally contributed something. 

The general scheme as outlined in the Paper afforded an oppor- 
tunity of giving to the operator at all levels the chance of con- 
tributing his own brain power to the performance of the operation 
which he undertook. Could the man in the shop, equipped with less 
efficient means than the inspectorate, be enthusiastic ? He should 
be given the means—not necessarily the same—whereby he could 
say with certainty : “‘ I know that piece is going to be passed.’”” The 
complaint was made that there was so much unskilled labour. Was 
that really the fault of labour or was it because it had not been 
given an opportunity of becoming skilled? The Paper, if followed up, 
would make a great contribution to the nation’s productivity. 

Mr. Shilstone (Jnspectorate of Armaments) said that he had listened 
with great interest to the presentation of the Paper and the dis- 
cussion, and was interested to know that an attempt was being made 
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to concentrate on quality at the point of production. The Inspectorate 
of Armaments used, during the war, to devote most of its time and 
energies to sorting out bad work from good. As had already 
been pointed out, the problem of sorting good articles from bad 
by human labour was expensive and not very efficient. In fact, various 
experiments which had been carried out had proved that by hand 
sorting or continuous examination, not more than 97 or 98 per cent. 
efficiency could be expected; in fact, the figure was sometimes even 
lower. 

Direct measurement at the point of production or where the job 
was actually produced would, in his view, be the best possible 
method, because not only did it save scrap, but it also reduced 
inspection costs and ensured quality. Moreover it provided some 
degree of responsibility and interest to the operator. 

Good inspection from the customer acceptance point of view—in 
which the Inspectorate of Armaments was interested—depended not 
on inspecting a job as much as possible, but as little as possible con- 
sistent with safety, strength, functioning and interchangeability. 
The Inspectorate was prepared to make use of contractors’ inspection 
systems, bearing in mind always that there were two separate and 
distinct responsibilities involved—the responsibility of the contractor 
to produce satisfactorily to drawings and specifications, and the res- 
ponsibility of the Inspectorate to accept the article from the point 
of view of safety, functioning, strength and interchangeability. Where 
possible the Inspectorate was prepared to combine those two 
responsibilities early in the production line, provided the contractor 
was able to give the necessary facilities, and prove that the method 
was satisfactory. The Inspectorate had its own gauging department 
which could investigate the system from the point of view of 
accuracy of measurement. 

There were however, snags in the use of such methods. For 
instance, one operation carried out early on in the production 
sequence might be upset by a subsequent operation. A turning 
operation might be correctly carried out, but subsequently a 
boring operation might spread the job. In the manufacture 
of a shell, the banding operation might cause the walls of the shell to 
cave in. It followed, therefore, that if the acceptance/inspection 
operations were arranged to take place early in the production line, 
care had to be exercised on the way they were done and where 
they were done. 

Another point which had not been considered was the attitude 
of Trades Unions to this question. As soon as a start was made 
on measuring, the Trades Unions stepped in and contended that if 
a man was engaged on measuring then he must be skilled. That 
was rather a narrow outlook in his view, and some action seemed 
necessary with the Trades Unions, to enable intelligent workers to 
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have the opportunity of accepting greater responsibility in 
contributing towards improvement in quality of production. Simply 
because a person measured something it was surely not necessary for 
him to have gone through a complete course of five years practical 
training. 

Mr. Yribarren said that the first time he heard some interesting 
things about machine control was in London one year after the 
war. It had come as a surprise to those in France to learn that the 
industry in Britain had studied the use of quality control to such an 
extent. A lot more had been written than had been done about 
quality control which, in his view, was the first idea of machine 
control. It was because of quality control that it had been possible 
to understand the problems of machine tools. That meant, of 
course, the problem of dispersion. 


Quality control was very useful for automatic presses, diecasting 
and things like that, but it was not possible to extend quality 
control to all purposes. For example, in order to do an accurate 


job with the grinding machine the control chart was not sufficient. 


The method was too dangerous, and in his view it was necessary 
to use another method which put something between the chart 
and the machine. 


He was happy to have the opportunity of expressing gratitude to 
British colleagues for having given some very good ideas and for 
helping the industry in France to improve their conditions of 
production. 

Mr. W. J. Swift (Assistant Director of Engineers’ Cutting Tools 
and Gauges, Ministry of Supply) said he recalled that in the First 
World War there was a shortage of shells in France. The main 
reason for that position was due to the lack of Production Gauges 
which, with the method then employed in the production of shells, 
was essential. 


In those days parent schemes were extremely popular, special 
plant was not available and, for the most part, shells were produced 
on various standard types of machine tools, or on those which 
could be adapted. The parent company with whom the contract 
was placed used sub-contractors in their locality to do certain opera- 
tions for which they had not the facilities in their own works. That 
meant that one sub-contractor, after completing an operation, 
would pass the partly machined shell on to another contractor, 
and so on, until it was returned to the main contractor for finishing. 
It would readily be understood that such a method required a 
complete control on the dimensional accuracy during the operations, 
for which large quantities of gauges were needed for checking 
the components in the various stages of production. The gauges 
were not there. To. provide the necessary gauges, the Ministry of 
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Munitions then set up a Gauge Department to design and produce 
sufficient gauges to meet the level required, and when that was done, 
the shell problem disappeared. 


Before the Second World War commenced, the capacity to meet 
the potential requirements of gauges was again inadequate, and a 
question was raised in the House if preparations were in hand to 
ensure a sufficiency of gauges, in the event of war. Action was 
taken by the Government to remedy the position and before the 
war commenced considerable additional capacity was provided 
and actually being used. Although those measures were taken 
some two or three years before the war commenced, there was 
always a struggle to get the more difficult types, and it was probably 
true to say that that position still obtained. The basic cause of 
that was due principally to the lack of sufficient experienced skilled 
men able to make intricate and very fine limit gauges. 


He had mentioned those historical facts to bring into prominence 
the necessity for reducing the demand for gauges, particularly in 
war time, to the least possible amount. It did appear that the 
system described by the authors of the Paper would reduce the 
call for gauges, although it would not affect the demand for the 
receiver and other kindred types to any extent. Not only did 
gauges require skilled craftsmen to make them, but also skilled 
inspectors were needed to check them and, of course, very expensive 
capital equipment was also needed. It was reasonable to say that, 
if the demand for the general run of gauges could be reduced, an 
opportunity presented itself for the gauge making industry to 
concentrate their talents on the more difficult types. The manufac- 
ture of the equipment associated with the machine control system 
under discussion did not require the high degree of skill associated 
with gauges, except for the manufacture of the check gauges. It 
was pleasing to know that the comparators required little main- 
tenance as opposed to the constant care and attention which had 
to be given to the orthodox gauges. 

In his opinion—and speaking from the gauging angle principally 
—the system should ease considerably the problem of obtaining and 
maintaining gauges of the orthodox type which had existed for 
about forty years. He had seen the system working in three factories 
in France with very satisfactory results. He was amazed to see 
small petrol engines being produced on controlled machines without 
any of the parts being inspected before assembly. Apart from the 
saving of inspection labour, there was also a saving of machine 
setters. 

It was imperative that efforts were made to produce more 
economically to meet foreign competition in peace time for the 
world markets, and in war time it was essential to use manpower 
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to the best advantage. It was in the system under discussion that 
there was clearly a possibility of employing less indirect labour 
without any loss in quality of production. 

In conclusion Mr. Swift said he felt rather a Dr. Jekyll and Mr. 
Hyde, in view of the fact that only a few months ago he was partly 
responsible for initiating a small exhibition of multi-gauge machines. 
He had great faith in the part which multi-gauge machines could 
play, but probably the answer might be found in some combination 
of the two systems to obtain the best results. 

Mr. W. S. Hollis (Assistant Director, Aircraft Production (De- 
velopment), Ministry of Supply) stated that it would appear the system 
offered two applications, one from the point of view of normal 
production where such a device was capable of being pre-set to 
produce finished dimensions, and the other from the point of view 
of the really skilled man who had to grind to a set diameter and 
explore his work subsequently. It would offer considerable advan- 
tage in the latter case so far as grinding allowances were concerned 
in that the man could adjust his speed of approach, thus quickly 
removing the boundary stock to the point where he was nearing 
the final dimensions, thus expeditiously finishing the job. Equip- 
ment of the type under discussion would also be a great advantage 
for small production runs in that respect. 

The Paper dealt exclusively with air gauging, and no reference 
was made to any means of electronic dimension, such as were being 
investigated by a few people in this country and which employed 
comparators operating like a Vernier scale, on which there might 
be some 10,000 lines to the inch. It would be useful if the authors 
looked further into these systems and gave the benefit of their 
observations at a later date. 

Mr. Richards, in reply, said that it might perhaps have been 
made clearer in the Paper, particularly in the section which dealt 
with automatic inspection, that close tolerance parts were being 
referred to rather than wide tolerance parts. The systems of machine 
control and quality control were fully complementary. It would 
not be found that the jobs best done by quality control could really 
be tackled by machine control. There was no doubt at all that 
quality control was the method with wide tolerances, and that 
obviously in view of the tolerances on the parts being produced 
in the case mentioned by Mr. Loxham, automatic inspection was 
the way of checking them. It was not the authors’ intention to go 
further than to say that for close tolerance parts the problem could 
be better solved by machine control. On page 466 that was more 
or less stated, but it might have been better if the distinction had 
been drawn more clearly. 

Perhaps the most important point which had been raised was 
the question of psychology, and that came back to the question of 
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Munitions then set up a Gauge Department to design and produce 
sufficient gauges to meet the level required, and when that was done, 
the shell problem disappeared. 


Before the Second World War commenced, the capacity to meet 
the potential requirements of gauges was again inadequate, and a 
question was raised in the House if preparations were in hand to 
ensure a sufficiency of gauges, in the event of war. Action was 
taken by the Government to remedy the position and before the 
war commenced considerable additional capacity was provided 
and actually being used. Although those measures were taken 
some two or three years before the war commenced, there was 
always a struggle to get the more difficult types, and it was probably 
true to say that that position still obtained. The basic cause of 
that was due principally to the lack of sufficient experienced skilled 
men able to make intricate and very fine limit gauges. 


He had mentioned those historical facts to bring into prominence 
the necessity for reducing the demand for gauges, particularly in 
war time, to the least possible amount. It did appear that the 
system described by the authors of the Paper would reduce the 
call for gauges, although it would not affect the demand for the 
receiver and other kindred types to any extent. Not only did 
gauges require skilled craftsmen to make them, but also skilled 
inspectors were needed to check them and, of course, very expensive 
capital equipment was also needed. It was reasonable to say that, 
if the demand for the general run of gauges could be reduced, an 
opportunity presented itself for the gauge making industry to 
concentrate their talents on the more difficult types. The manufac- 
ture of the equipment associated with the machine control system 
under discussion did not require the high degree of skill associated 
with gauges, except for the manufacture of the check gauges. It 
was pleasing to know that the comparators required little main- 
tenance as opposed to the constant care and attention which had 
to be given to the orthodox gauges. 

In his opinion—and speaking from the gauging angle principally 
—the system should ease considerably the problem of obtaining and 
maintaining gauges of the orthodox type which had existed for 
about forty years. He had seen the system working in three factories 
in France with very satisfactory results. He was amazed to see 
small petrol engines being produced on controlled machines without 
any of the parts being inspected before assembly. Apart from the 
saving of inspection labour, there was also a saving of machine 
setters. 

It was imperative that efforts were made to produce more 
economically to meet foreign competition in peace time for the 
world markets, and in war time it was essential to use manpower 
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to the best advantage. It was in the system under discussion that 
there was clearly a possibility of employing less indirect labour 
without any loss in quality of production. 

In conclusion Mr. Swift said he felt rather a Dr. Jekyll and Mr. 
Hyde, in view of the fact that only a few months ago he was partly 
responsible for initiating a small exhibition of multi-gauge machines. 
He had great faith in the part which multi-gauge machines could 
play, but probably the answer might be found in some combination 
of the two systems to obtain the best results. 

Mr. W. S. Hollis (Assistant Director, Aircraft Production (De- 
velopment), Ministry of Supply) stated that it would appear the system 
offered two applications, one from the point of view of normal 
production where such a device was capable of being pre-set to 
produce finished dimensions, and the other from the point of view 
of the really skilled man who had to grind to a set diameter and 
explore his work subsequently. It would offer considerable advan- 
tage in the latter case so far as grinding allowances were concerned 
in that the man could adjust his speed of approach, thus quickly 
removing the boundary stock to the point where he was nearing 
the final dimensions, thus expeditiously finishing the job. Equip- 
ment of the type under discussion would also be a great advantage 
for small production runs in that respect. 

The Paper dealt exclusively with air gauging, and no reference 
was made to any means of electronic dimension, such as were being 
investigated by a few people in this country and which employed 
comparators operating like a Vernier scale, on which there might 
be some 10,000 lines to the inch. It would be useful if the authors 
looked further into these systems and gave the benefit of their 
observations at a later date. 

Mr. Richards, in reply, said that it might perhaps have been 
made clearer in the Paper, particularly in the section which dealt 
with automatic inspection, that close tolerance parts were being 
referred to rather than wide tolerance parts. The systems of machine 
control and quality control were fully complementary. It would 
not be found that the jobs best done by quality control could really 
be tackled by machine control. There was no doubt at all that 
quality control was the method with wide tolerances, and that 
obviously in view of the tolerances on the parts being produced 
in the case mentioned by Mr. Loxham, automatic inspection was 
the way of checking them. It was not the authors’ intention to go 
further than to say that for close tolerance parts the problem could 
be better solved by machine control. On page 466 that was more 
or less stated, but it might have been better if the distinction had 
been drawn more clearly. 

Perhaps the most important point which had been raised was 
the question of psychology, and that came back to the question of 
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whether machine control improved or reduced the operator’s skill. 
One could not stop progress. It was no good failing to follow up a 
line of development because of any fear of what use somebody else 
might make of it. In fact, machine control increased skill because 
unskilled labour was a term which perhaps tended to mean some- 
thing different from what it really was. An unskilled operator of a 
machine was merely unskilled in the use of machine tools. He was 
not unskilled in crossing the street, and if he could be given an 
implement which increased his skill in manipulating a machine, his 
skill was not being reduced. In fact, the facilities were being 
improved. The man was being given the possibility of crossing that 
which had been compared to the sound barrier, and appreciating 
with very great ease variations in dimensions which he could not 
visualise in any other way. 

With regard to the tool setting gauge described in Fig. 5 that 
was, of course, nothing new at all. The only important thing 
about the type of tool-setting gauge which was described (it could 
be achieved by many different methods but the authors used air 
operation because they happened to know it) was magnification. 
With small magnification it was not so easy to see the position, but 
with large magnification operators who were “ unskilled ’’ worked 
to very close tolerances without even knowing that they were 
doing so. The same thing occurred with inherent dispersion. 
When a machine was controlled the operator himself could state 
at any time the inherent dispersion of his machine to within a half 
or a tenth. He did not describe it in that way. He said that the 
machine gauge did not agree with the production gauge at the side 
of the machine by three divisions on the scale. This was significant 
insofar as it meant that the operator was unaware of what the 
divisions represented. ‘That was not a drawback. Many were 
unaware of what certain measurements represented. They were 
compared with known standards—it might be one standard or 
another—and that was all that the unskilled operator was doing 
in the circumstances. 

A question was raised concerning the non-linear scale. Naturally 
it was possible to produce a linear scale—or at least a so-called 
linear scale—but it made little difference. Non-linearity was not a 
big point so far as disadvantages were concerned. In point of fact, 
the type of non-linear scale produced in the feed gauge was a 
deliberate exaggeration of an inherent characteristic of the particular 
system described. It was produced because it was known that in 
the particular case it was an advantage. 

An appeal was made in the Paper to all metrologists—electronic, 
pneumatic or mechanical—to try and direct themselves towards 
that same idea. The authors did not consider that the system was 
limited to air operation. In fact, they were sure that it was not. 
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What they were doing was to use the data which was available on 
that type of instrument to show what they were driving at, in the 
hope that other systems would adopt the same basic idea and that 
more and more accumulated energy and thought would be put 
into producing that type of gauge, rather than pure inspection 
gauges. 

The question of governmental inspection of parts made outside 
was not dealt with, beyond mentioning the fact. There was much 
work to be done before anyone could say what advantages could be 
gained with that type of inspection and by using machine control in 
the factory supplying the parts. He knew that the I.A. and 
I.E.M.E. had been doing a great deal of work on that particular 
problem, and it might be that shortly they would have some 
information to give on exactly what could be done. 

With regard to the point, concerning the division in two, of the 
problem of machine control and quality control, it would have been 
noticed that in the 1952 Sir Alfred Herbert Paper, given by Mr. F. H. 
Rolt, O.B.E., some forecasts were made of future trends of gauge 
development, two of these being the use of gauges on machines for 
manipulation of the latter, and the increased use of automatic 
gauging machines, resulting in economy of labour and the use of 
ordinary gauges. They were both valid methods, and the authors did 
not intend to suggest in any way that automatic gauging was not 
valid in many cases, and in particular in cases where large quantities 
of parts were being produced off automatics or presses and where 
tolerances, compared with those on machine control, were com- 
paratively wide. 


Vote of Thanks 


Mr. W. J. Morgan, M.B.E. (General Manager, Machine Tool 
Trades Association), in proposing a vote of thanks, said that being so 
interested as he was in the machine tool industry, he could not help 
but be gratified by the revelation, made that evening, that the 
modern machine tool was so accurate a piece of mechanism, that 
only the highly accurate and up-to-date measuring methods 
employed in the process of making the article on the machine could 
distinguish the inherent error of the machine, and bring it within 
the tolerance which was allowed on the article. 

He was old enough to remember that machine dispersion was a 
problem in the old days when his foreman would give him a job 
and say: “ I want you to make this 12 in. long and 1} in., + in. 
and 4 in. bore,” and his most accurate instrument was a rule, and 
outside and inside calipers which he manufactured himself! He knew 
that on the particular lathe if the piece were over a certain length 
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it was necessary to take a trial cut first, and that it was also necessary 
gently to tap the machine with a lead hammer in order to take out 
machine dispersion ! 

The Lord Chief Justice said recently that he felt steps ought to be 
taken in the reduction of crime, to put more men back on the beat 
and to apply less of the police force to the apprehension of criminals. 
It would appear that a similar problem was presented in the Paper. 
There were those who were in favour of putting men on the beat to 
prevent the crime of producing scrap, rather than having men on 
the job of detecting scrap and rejecting it after it had been produced. 
Whichever might be right, no one would advocate taking all the 
speed cops out of their cars and all the plain clothes detectives and 
putting them on the beat, nor would those who were supporters of 
the other idea favour taking all the men off the beat and putting 
them in plain clothes. 

It would seem that Production Engineers had been given a fine 
opportunity to sort out their minds and in the production of the 
components and articles for which they were responsible, to make 
sure that the crime of scrap was reduced to the minimum, that 
costs of production were kept down to a minimum, and that the 
quality of production was at the maximum, because it must be 
appreciated that the honeymoon was over so far as the selling of 
products was concerned. He had just returned from Canada—it 
was not by any means his first visit—and he had come back with 
the high hopes which he had when he first visited that country, 
although he felt rather solemn with regard to the task ahead. Old 
competitors were coming back with advantages which industry in 
this country did not enjoy. They had enjoyed a breathing space; 
they had been able to reflect and to improve their methods without 
being constrained, at the same, time to keep old markets and open 
new ones. They were new to the game once more. It was necessary 
to see that they did not get too great an advantage. 

Therefore, his task in thanking the speakers was a very pleasing 
one because he was thanking them for a task well done, and for 
having presented something worth while thinking about as a 
contribution to the end for which all those concerned were striving. 

The vote of thanks was carried with acclamation, and the Meeting 
then terminated. 


Communications 


In order to clarify certain points raised during the Discussion, 
Mr. Richards has now prepared the following notes :— 

Non-linearity. It is perhaps of importance to go into the advantages 
and disadvantages of a non-linear scale a little more closely. 
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The point has been made that it would be better to consider the 
disadvantages of a non-linear scale than to benefit from its advan- 
tages, without however specifying disadvantages or refuting the 
benefits claimed. With respect, this contention can only be upheld 
when extreme accuracy is required over the whole length and at 
any point of a measuring scale. It is true that the curve (of size of 
part plotted against linear distance on the indicating scale) which 
is characteristic of non-linearity as opposed to the straight line of a 
linear calibration, is not so extremely accurate as the latter, because 
of the need for interpolation of points on the former. 

However, the normal calibrational method for non-linear, scales 
is, of course, reversion to a logarithmic graph for interpolations. 

But the final explanation of why non-linearity here is no dis- 
advantage per se is because the type of scale discussed in the Paper 
is not a scale indicating exact sizes over a range. It is an 
‘“‘ approach ”’ scale, and only one point on it needs to be more 
accurate than .00002 in., viz., the zero, or nominal point. When 
such gauges are to be used for extreme accuracy at any point on 
the scale, care is taken to choose characteristics which will produce a 
linear scale, and well-known examples are slip measuring compara- 
tors using 25,000 or X 40,000 magnification, and very short base 
extensometers which use xX 200,000 magnification. 

There is absolutely no ground in our view for considering that 
the deliberately exaggerated non-linearity of the feed gauge scale 
is in any way a drawback. Both theory and practice prove that 
it is an enormous advantage, with no disadvantages at all. 

Automatic Inspection. .We are aware that the great majority of 
automatic inspection machines are not used in this country as 
“ production gauges’ as we define them. However, it is being 
more widely realised that even on wide tolerance work (limits of 
over .002 in. or so) it is still a great advantage to be able to correct 
the machine setting accurately when the control chart, or an 
automatic gauge, indicates the dispersion band is approaching the 
limit or limits of tolerance. No “handle on the machine ”’ is 
needed for gauges to be able to help on this. 

A wide experience of closer tolerance work has proved to us that 
Machine Control can, and usually does, reduce the percentage of 
faulty machining below the percentage of faulty automatic inspec- 
tion, and some cases are known, as it was suggested during the 
Discussion might be possible, of an expensive automatic gauge 
actually becoming disused in favour of individual sampling and use 
of a setting adjustment gauge. 

On the case quoted of a small brass fuse cap, we will suppose 
that the tolerances were, in fact, close enough to make this a 
difficult job. That is, that there is real difficulty in holding the 
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tolerances, rather than a mere likelihood of an occasional part 
going outside due to a faulty or over-late adjustment of the machine 
setting, or else from a spasmodic fault in the set-up. 

Machine Control, of course, has never specified measurement of 
the part in such a case on the machine, smothered in oil. Either 
setting check gauges, or a multi-dimensional (not to be confused 
with an automatic multi-dimensional) setting check gauge would be 
used on sample parts to check dimensions—for the purpose of 
correcting the various elements of the machine setting if necessary. 

Mr. Loxham outlined this method, using a small brass fuse cap 
and an injector part as illustrations, at the G.A.M.I. Meeting on 
** Modern Methods of Checking Dimensional Interchangeability ”’ 
in Paris last December, and he was then, in our view, absolutely 
correct in his solution and exactly along the lines of Machine 
Control. 

The “ gauge control of machine tools ’’ must not be supposed to 
be limited to mere gauging of main slide movements, for the latter is 
only one way of translating size indications into accurate adjustment 
or manipulation of the machine. 

However, it was probably the case on this component, that 
tolerances were actually comparatively wide; should, however, an 
important possibility of rejects be present, setting adjustment gauges 
can still nearly always simplify the difficulty, acting on the informa- 
tion given by the setting check gauge. Since automatic inspection 
machines are based on more accepted ideas, it is usually easier to 
accept their use, but unless an effort is made to use them on Machine 
Control lines, they are really only of advantage for inspecting 
finished parts bought out. 


Experience of Machine Control very extensively 
Trades Unions used in closed shops has shown that Trades Unions 
Reactions are very fair-minded on the subject. This is not at 

all surprising, of course, and even less so when the 
subject is looked at in proper perspective, for the use of a production 
gauge of the indicating type is in the same category as the use of a 
limit gauge, such as a snap gauge. 

A Feed Gauge is used for the same purpose as the graduations 
normally supplied on the in-feed wheel. The name of the type of 
Feed Gauge discussed in the Paper, in various foreign languages is 
almost always ‘‘ pneumatic vernier.”’ 

If there could be an objection to this contention, what would 
be the reaction to the in-feed vernier suggested by industrial 
psychologists,? which lies half-way between a Feed Gauge and a 
normal vernier drum ? 

The best way of stating the case is to point out that the use of the 
equipment does not give an inherent increase in the operator’s 
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own skill. While he is using such instruments he is doing his job 
more skilfully, that is certain. So would he be if he were given the 
use of a much better quality machine tool. But remove the 
instruments, or shift the operator to a machine not so equipped, 
and the contention is unanswerably correct. 

During the Discussion following the presentation of the Paper, 
it was said by some that the operator’s skill was decreased, and by 
ourselves that it was increased. 

Allegory again may be the best way of explaining. There is no 
doubt that a man in a motor-car will travel faster than a man in a 
horse-drawn carriage. The motor-car is the reason for its driver 
“ being more skilful ’’ in attaining a given goal. A man in a house 
in Hampstead can, by using a television set, see the tennis at 
Wimbledon better than a man with a telescope on the roof. 
Indicating gauges on machines serve as the television screen for a 
spectacle which would otherwise be out of sight. 

In considering whether skill is increased or decreased, we must 
compare like with like. In this case, skill in attaining a given quality 
of production cannot be compared as between the skill of a good man 
with an “ obsolete’? method and a good or average or poor man 
with a much improved method. 
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The following communication has been received from Mr. E. 
Jones (Chief Inspector, Muirhead & Co., Ltd.) :— 

“‘ I was privileged to attend, as a visitor, the lecture on Machine 
Control, and I must admit how disappointing it was to find that 
apparently, in most works, Production and Inspection are still at 
loggerheads. This seems extraordinary to me. I thought that surely, 
in these enlightened days, Inspection had become an asset to 
Production—not a hindrance. 

* As I see it, until the relationship between Production and 
Inspection improves, Machine Control, Quality Control, or any 
other means of Inspection, cannot work efficiently and economically. 

** To consider Inspection still a necessary evil is our inheritance 
of early days when anyone who was redundant in the Works was 
pushed into Inspection. No matter how efficient a man might be 
on a jig borer or a lathe, that alone will never make him a good 
Inspector. He has a different line of approach. Present-day 
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inspection is a ‘ craft’ or ‘ art’ on its own; correct training and 
practice in metrology and the kinematics of instruments are 
required. With this basic knowledge and the experience he gains 
he is in a position to use his head as well as his hands; he becomes 
a liaison between design, production buying and sales. With his 
specialised training he is able to assist and recommend on problems 
which affect production. 


**Remarks made by various speakers at the Meeting gave the 
impression that a percentage of rejects was satisfactory, but as the 
Ministry of Supply spokesman so rightly stated: ‘ When lives of 
men are at stake, only 100 per cent. inspection is good enough,’ and 
the 100 per cent. must be right. 

** If units outside the limits are passed on final inspection, it can 
be assumed that they will be quite satisfactory. This being the 
case, the tolerances should be relaxed to the standard of the worst 
acceptable item. Opening tolerances improves production. 

** Machine Control has many desirable features, but it depends 
on the integrity of the machine operator, assuming (as the authors 
of the Paper do) that further inspection can be dispensed with. 
Much as we dislike having to admit the fact, we cannot be fully 
trustful of the operator, or else Production would not fear Inspection 
and Ministry Inspectorates could be dispensed with. In fact, it is 
only the bad or careless worker who dislikes having his work 
inspected. The good operator has nothing to fear; he has done a 
good job and, call it pride if you will, he likes to have his work 
examined. 


** Again, Machine Control, as the authors state, can only be 
applied (economically at any rate) to certain work or certain 
machines where fine limits are called for. They state that only 
on the machine can accurate sizing be carried out and that, 
eventually, by relatively unskilled personnel. This is not quite so. 
All machines vary with temperature—room temperature—but 
more especially machine operating temperature. Even a varying 
flow or direction of cooling fluid on the cutting face can give errors, 
especially on some light alloys. Very small errors, maybe, but then 
we are working to very small tolerances. Second operations cause 
stress relief on earlier work with a resulting dimensional change. 
Hence, even with the two gauges per machine advocated, a 
considerable amount of skill is required to allow for the above and 
many other disturbances. 


*‘ To consider limit gauges still a question of feel is like the old- 
timer who never uses a ratchet on a micrometer; both are incorrect 
approaches. Limit gauges of correct design and correct weight need 
not be feared by personnel using them, and feel is eliminated. 
Similarly, if the old-timer reads the B.S. on micrometers giving the 
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tolerances allowed this instrument, never again would he guarantee 
to measure to .0001 in. (Compare with correctly set ratchet—yes.) 

‘“* The automatic inspection method referred to by a later speaker 
is ideal for mass production where percentage cost of rejects is low, 
and where fine tolerances are not required. Except for setting up 
and checking of this equipment, Inspection can be avoided. True, 
these automatic testers are expensive, but they can usually deal 
with the output from many machines, thus economising on the 
Machine Control method. 

** Quality Control under certain circumstances can outdo both 
methods, but that is the point—under certain conditions. In other 
words, each and every problem should be tackled separately, and 
tackled by an efficient Inspection Department, which must primarily 
have the means to measure accurately or check any manufactured 
item or incoming material. Secondly, it must have the personnel 
with authority and ability to make decisions on how each item 
will be dealt with. 

*“ The sooner Management realise that Inspection is a ‘ craft’ 
on its own, requiring training and experience of Inspection method 
and approach, not years of Shop experience where the approach is 
of a necessity different, the sooner will harmony exist between the 
various departments, and production will improve.” 


Mr. Richards, in reply, agrees with Mr. Jones’ statement that 
Machine Control and other systems in the same spirit cannot work 
efficiently until the relationship between Production and Inspection 
improves. He continues : 

** How can this relationship be improved ? It will not change of 
itself, hampered as it is by existing conditions. If, however, Produc- 
tion Gauges and setting adjustment gauges are given to the machine 
operators, the ensuing possibilities and repercussions will progressively 
steer the factory organisation to a better degree of integration— 
because the means to permit a change will be there. 

** An example of one of the many ultimate possibilities is, as we 
said, sometimes the suppression of 100 per cent. final inspection. 
For, as Mr. Jones implies, 100 per cent. inspection is not the same 
thing as 100 per cent. correct acceptance or rejection. 

** It is not perhaps widely enough realised just how difficult a job 
we often ask our machine operators to do. Some artists can sur- 
mount the difficulties, but the average individual cannot. For 
there is no such thing, where skill in manipulation is concerned, as 
‘bad’ labour. Labour is what it is, and it is up to us to help it 
with as many facilities as will aid our production economy at the 
same time. The artist has every right to be proud of having his 
work inspected and found good—he has done it blindfold and it is 
an achievemen.t But why not remove the blindfold ? 
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“To widen tolerances improves production rates, it is true. 
But it does not, unless we not only grade but also pay far closer 
attention to errors of form, improve quality. Quality can only 
improve by reducing the ‘scatter’ between the dimensions of 
successive parts, and between fits on random assemblies. 

“« Next, we are not alone in feeling that the use of limit gauges 
does not help production, and that their use should as far as 
possible be confined to checking for acceptance only. 

** Lastly, we most heartily agree with Mr. Jones on the value of 
aid to Production by the Inspection. But whether these functions 
should truly be exactly as he visualises them, we are not so sure. 
Some improved device is still needed between the Inspection and 
the machine to translate the information given by the Inspection, 
the Control chart or the Production Gauge, into correction of 
succeeding components. 

** Mr. Jones may be reassured on the reality of the benefits found 
with Machine Control, for these have been found empirically as 
well as theoretically. We cannot, however, judge a method by 
standards, applying to other methods, which do not give sufficient 
security to allow the same possibilities.” 
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BUILDING A LOCOMOTIVE 
by COLONEL G. RIGBY, O.B.E., G.M., A.M.I.Mech.E., M.I.Loco.E.* 


Presented to the London Section of the Institution, |Oth January, 1952 


HE British locomotive industry started with the first locomotive 

built by Trevithick in 1804, and has expanded considerably 
since that time. Between 1804 and 1829, 44 locomotives were built 
and at the Rainhill Trials in 1829, the successful ‘“ Rocket ”’ 
entered by George Stephenson, was the 45th locomotive to have 
been built and might be said to be the forerunner of present-day 
practice, in that Stephenson introduced in that locomotive the 
system of creating a draught on the fire by means of the exhaust 
steam from the cylinders, and also a tubular boiler, both features 
being standard practice to-day. 

The locomotive weighed, with its tender, 74 tons and could haul 
on the level a load of 17 tons, including the engine, at a speed of 
20 miles per hour. 

Incidentally, George Stephenson superintended the construction 
between 1821 and 1825 of the Stockton and Darlington Railway 
which was the first public railway in the world. The track covered a 
distance of 20 miles, and 100 years later the total track in all parts 
of the world was 700,000 miles. 

Fig. 1 shows the replica of George Stephenson’s “ Rocket ”’ built 
by Robert Stephenson and Company of Darlington, at the behest 
of Mr. Henry Ford for his Detroit Museum. 


It is interesting to recall that the first locomotives 
Exporting to be used in Germany, Japan and the U.S.A. were 
Locomotives ll built in this country. The first two were built 
by the Vulcan Foundry and the American 
locomotives by Stephensons. The Vulcan firm built two locomotives 
for the Camden and Woodbury Railroad in 1833, and three more 
for the South Carolina in 1835, together with one for Belgium. 
Following these were five for the Paris—St. Germain Railway, 
whilst Russia purchased one in 1837. In the same year we supplied 
two locomotives to the Kaiser Ferdinand Nord Bahn in Vienna. 
At this time too, the home market was developing with the rapid 
building of lines between cities and towns, and railways such as 
Liverpool and Manchester, Leicester and Swannington, London 
and Birmingham, London and Greenwich, Bolton and Leigh, the 
Great Western, London and Southampton, Birmingham and Derby 
Junction, all figure in the order book for the years 1830-1839. 


* General Manager, Vulcan Foundry Ltd., Newton-le- Willows, Lancs. 
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FIG. | 


Fig. 2 shows the first locomotive supplied to 
India, which was in course of building at the end 
of 1851 and was delivered in 1852 by Vulcan 
Foundry Limited. Since that time we have 
supplied an average of one locomotive per fortnight 


for 100 years, this being a total to date of 2,860 locomotives for 
India, or the Continent of India including Pakistan. 

Fig. 3 by comparison, shows the latest type of locomotive we have 
built for India, a large ‘““ WM.” type tank engine for heavy suburban 


passenger work. 


A production of one locomotive per fortnight may sound horrify- 
ing to a Production Engineer, but it is very satisfying for a locomotive 
manufacturer who has to rely largely on exports to keep his shops 
busy and to avoid losing his skilled labour force. 


The Private 
Builders’ 
Difficulties 


The locomotive industry of this country originally 
supplied most of the locomotives for the develop- 
ment of the home railways, but it eventually 
became the fashion for C.M.Es. to design and 
produce their own locomotives in railway work- 


shops; and in consequence there is now only a small percentage of 
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FIG. 3 


spasmodic orders for the private builder from the home railways, 
and the private builder is left to compete for export orders against 
the Continental and Japanese firms who are often subsidised. 

In view of the fact that the private locomotive builders of this 
country constitute a heavy engineering potential, which is of 
considerable strategic value in time of war, it is surprising that the 
Government who now control the railways do not insist on a regular 
proportion of new work being allotted to the industry and thus 
assist the export drive in this age of planning, in which there still 
seems to be plenty of scope. 

Unless there has been a war which has interrupted a railway’s 
replacement programme and thus necessitated the ordering of 
large numbers of locomotives, the usual run is of the nature of, say, 
20 off, which is not of very great interest to a Production Engineer, 
but is welcome to the locomotive engineer, nevertheless. 

The old L.M.S. Company claim to have built approximately 
3,000 locomotives of each of two types over a series of years, but 
private builders never get near such numbers, and little quantity 
production is possible. The nearest would be the number of 
austerity locomotives, which were started during the war, of which 
type Vulcan built 390 and the other British builders, 545. But ifa 
number of comparatively small runs follow each other and each of 
them necessitates design work, a state of unbalance between the 
Drawing Office and the Workshops results. One might be tempted 
to assume that standardisation would help here, but it is surprising 
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how the various railways insist on their individual ideas and designs. 
Even those Colonial Railways which are associated with the Crown 
Agents for the Colonies insist on adherence to their own specifica- 
tions for minor details. It is hoped that the meetings which now 
take place periodically between the C.M.Es. of the Colonial 
Railways, to which the Locomotive Manufacturers’ Association of 
Great Britain send representatives, will ultimately be of considerable 
assistance in achieving some degree of standardisation which, how- 
ever small, would be most welcome. 

One of the obstacles to standardisation is, of course, the number 
of firms who manufacture proprietary fittings, such as injectors, 
brake gear, lighting equipment, to name a few of the obvious 
examples. But an item like a washout plug, or a fusible plug, could 
easily be standardised without wounding the amour propre of even 
the most sensitive C.M.E. In a recent paper presented to the 
Institution of Locomotive Engineers, Mr. Cox of the Railway 
Executive mentioned thirty-eight items which it had been found 
possible to make standard on all six classes of standard engines; 
but, on the other hand, there were seventy items which had had to 
be modified to suit the various divisions of British Railways ! 

The Locomotive Manufacturers’ Association have produced 
some standards for limits and fits for the industry which are widely 
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THE INSTITUTION OF PRODUCTION ENGINEERS 
used, but here again they cut across the home railways ideas, and 
the British Standards Institution are endeavouring to do something 
about it. 


The Liberation locomotive (Fig. 4) was designed 
The Liberation for U.N.R.R.A. during the war. Such of the 
Locomotive locomotive engineers of European countries as 

escaped to this country were consulted, and 
they collaborated in the design stages. As a result this locomotive 
has a wide application, as it was intentionally designed for use in 
any of the European countries requiring rehabilitation when the 
war had been won. In point of fact, these locomotives are now 
running in Poland, Czechoslovakia and Yugoslavia, with ten 
additional locomotives being supplied to the Grand Duchy of 
Luxembourg. 

Notice the high pitch of the boiler which, of course, is possible 
with the European structure gauge, and that the frames used on 
these locomotives are of the plate type. As will be seen, the round 
top firebox is quite a wide one and had the designer been confined 
to a more stringent loading gauge, he would probably have had to 
set the pitch of the boiler lower and use a bar frame. 

Two different types of fireboxes were used on the Austerity and 
the Liberation. They are both used with plate frames, and the 
difference in the pitch of the boilers is noticeable. The Austerity 
locomotive is, of course, built to the British structure gauge, which 
allows a height at the centre of 13 ft. and a width of g ft. 
The Liberation was built to the Continental structure gauge, which 
allows a height at the centre of 14 ft. 0} in. and a width of 10 ft. 4 in. 
From this will be appreciated the limitations in gauge for loco- 
motives built for British Railways. 

The bar frame is the ideal for a firebox with wide legs such as is 
used for oil burning, where plenty of air is essential. 

A few brief details of some of the alternative basic design features 
which face a locomotive designer are as follows:— 


1. Duties to be performed, i.e. passenger, freight or mixed traffic. 
. Structure gauge. 

. Ruling gradient. 

Minimum curvature to be negotiated. 

. Permitted axle loading. 

Bridge characteristics. 

. Tractive effort and adhesion factor demanded. 


2 
3 
4. 
5 
6. 
7 
8 


. Particulars of fuel available, i.e. oil, coal or, in some cases 
wood. 
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The designer would then decide on a suitable wheel arrangement, 
whether to use plate or bar frames, the number of cylinders, and 
what evaporative factor and superheat figures he would require to 
give the specified performance. 

Locomotive builders are usually given types to build and therefore 
rarely have a free hand. When a specification demands something 
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which they think might be improved, they can only politely suggest 
a modification, but the customer has the last word and is nearl) 
always right. Cases do occur where the customer leaves all design 
work to the builder, but this is infrequent. 


A cross section of a Liberation boiler (Fig. 5) 
Cross Section shows the comparatively narrow water space 
of a Boiler round the firebox. The inner firebox is positioned 

in the outer firebox by the foundation ring, 
and is supported by side, radial and roof stays. The arch tubes, 
of which there are three, serve two purposes; on the one hand to 
support the brick arch, and on the other, what is more important, 
to promote convection. 


Between the firebox tubeplate and the smokebox tubeplate are 
183 small tubes and 36 large superheater tubes in this particular 
boiler. Inside the superheater tubes are the superheater elements. 
In the case of oil fuel being used, the elements are usually some 
18 in. shorter than normal to avoid burning of the return bends by 
the flame, whose path through the firebox is made as long as 
possible in an endeavour to ensure that the temperature of the gases 
impinging on the tubeplate is minimised as far as possible to about 


1300° F. 


A comparison of the life of a steel firebox as compared with a 
copper one shows that ten steel fireboxes of the Merchant Navy 
class averaged a mileage of 216,000 each before requiring complete 
renewal, whereas ten Princess Royal Class Locomotives fitted with 
copper fireboxes averaged 758,000 miles each. The criterion is the 
question of water, which can be a nightmare to the locomotive 
engineer. With untreated water, steel fireboxes give a poor life 
compared with copper, and water treatment is a costly business for 
some railways. 


The staying of the inner and outer fireboxes is done by screwed 
stays in British practice. On the Continent during the war, a 
technique of using plain stay bar in a plain hole and welding each 
end was developed. This practice has been carried on since the 
war, and it is now standardised on some Continental railways. 
In the areas of increased stresses, flexible stays are used, thus 
allowing the plates to “ breathe ”’ a little. The flexible stay head is 
round and sits inside a spherical cup which is welded to the outer 
plate. A copper washer is fitted under the stay, and after the 
staying is completed, a cap is screwed into the cup head. 


Longitudinal and palm stays are fitted to support the barrel and 
back plates, and barrel and smokebox tubeplate. 
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The main frames have to withstand most of 
The Locomotive the stresses and the modern trend is towards 
in Cross Section bar frames. These are usually gas-cut out of 

slabs, and for a 2-10-2 locomotive shortly to be 
built the rough slabs required from the rolling mills are 12 tons 
each and 44 ft. 6 in. long. 

The boiler sits on expansion brackets under the firebox (Fig. 6) 
and is supported by its smokebox on a saddle at the front end. The 
smokebox saddle is sometimes integrally cast with the cylinders, 
either in two halves or as one piece, or else is cast separately as 
a frame stretcher casting between outside cylinders. 

The valve motion and slide bars are supported by brackets 
bolted on the frames, and the cylinders are bolted direct to the 
frames. 

In addition to the various frame stretchers, the trailing ends of 
the frames are bolted to a dragbox, whilst the leading ends are 
bolted to a buffer beam. 

The axle boxes are free to slide in the horn gaps, which are 
usually faced with manganese steel liners, welded to horn blocks. 
The locomotive is supported by spring links on to laminated springs 
on the coupled wheels and where necessary, bogies or pony trucks 
support the hind and front ends. 

Palm stays are provided from the barrel plates to the smokebox 
tubeplate and the firebox backplate. Under the barrel of the boiler 
is a mud collector, and there are a large number of wash-out plugs 
which are essential for easy access to the inside of the boiler for 
cleaning purposes. In the dome is provided the regulator and 
from the dome, where saturated steam out of contact with the water 
is available, most of the steam supplies are taken. Behind the dome 
are two Rosspop safety valves. The pipe to the flange on top of the 
firebox takes steam to a steam stand, from which various auxiliary 
services take their steam supply. 


The tender (Fig. 7) has to be designed to carry 
The Locomotive _ sufficient fuel and water with a margin of safety 
Tender between the watering and fuel points when the 

locomotive is working to capacity. Where coal 
is used, the bunker is designed to “‘ trim ”’ the coal down to a shovel- 
ling plate, or, if a mechanical stoker is fitted, to the propelling screw 
trough, which feeds the coal to the nozzles at the firehole door. The 
modern trend is towards the all-welded tender, though some C.M.Es. 
still prefer rivets. In the water space of the tender, staggered surge 
splate are fitted and these are bolted to avoid excessive rigidity. 
Spring-loaded side buffers impinging on rubbing blocks are 
provided on either side of the drawbar between engine and 
tender, to control “‘ hunting ”’ of the tender. 
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SEQUENCE OF DESIGN 
AND MATERIAL DELIVERY FOR 
NEW DESIGN LOCOMOTIVES 














FIG. 8 


An average of six months is allowed 
Design and Material for the design staff and Drawing Office 
Delivery Requirements to prepare drawings before actual pre- 
paration for building can commence 
(Fig. 8). 
The basic materials can be ordered fairly quickly after the design 
has been started, but the manufacture of patterns and flanging 
blocks must wait until the D.O. work is more advanced. 


In order to assess raw material consumption, an 
Raw Materials analysis by weight of a Liberation locomotive 
and Equipment was computed. This locomotive, complete with 

tender, weighed 2,200 cwt. empty and required 
just over 2,567 cwt. of raw materials. A summary of the analysis is 
given on the opposite page. 
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cwt. qr. lb. Per cent. 
Steel ithe vr site w-: S295. . 00 82.87 
Cast Iron ... Ss oe on ade ae 9-75 
Malleable Iron... ise ‘an Se aay 0.04 
Copper... rs ae bas 76 2 16 2.96 
Gun Metal... ad ie = 55 2 15 2.24 
Lead ie bins o ott so os © 0.62 
White Metal sit vias ee 0.16 
Asbestos os 0.19 
Timber | a a 0.43 
Firebricks ... fe a. 0.32 
Glass . 2 & ae 
Paint - = 0.08 
Rubber o> 8i'@ o 
Leather eo @o:-s oO 
Various ae fee 0.24 
Total ... 2,567 2 15 100.00 





Steel requirements accounted for nearly 83 per cent. of the total. 
This consisted of mild, cast and forged steel. Sheets and bolts 
constituted nearly 12 per cent. of total steel requirements; general 
castings 10 per cent., steel bars and boiler plates 9 per cent. each, 
and blooms 8 per cent. Cast iron requirements amounted to nearly 
10 per cent. of the total raw materials required for a Liberation 
locomotive; there was also a small quantity of malleable iron. 

The planning and progressing of a particular order must, of 
course, start with the erecting shop as the datum line. Working 
back from the date the frames are to be set up on the erecting shop 
floor, a sequence of dates for machining, casting, pattern making, 
etc., can be determined. Jigs must be designed and finished to 
meet this programme and, if the boiler is a new design, flanging 
blocks made to enable boiler building to proceed in time for the 
initial steaming date. In addition there are hundreds of orders to 
be prepared for materials and specialities, with correct delivery 
forecasts made for proprietary fittings, all of which must fit into 
the planned programme of work for the various shops. With the 
material position as it is to-day, this is no mean feat, and short 
deliveries are constantly causing uneconomical batches to be 
machined, thus delaying the progressing of parts from shop to shop. 

This is aggravated on machines which require considerable 
setting up time, and particularly applies on the flanging presses. 
It will be readily appreciated that short deliveries of boiler plate, 
for example, can completely throw out of balance a locomotive 
works, in which from two to three thousand operatives are working 
to a schedule involving only a few boilers per week. 
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With regard to the design of the locomotive, Colonial and 
overseas railways frequently make arrangements for Consulting 
Engineers to handle their specifications and also do the inspection 
of the locomotives whilst being built. The Crown Agents have their 
own staff of Inspectors who are used to the particular requirements 
of the various Colonial railways. This, of course, saves considerable 
time as fairly quick decisions can be obtained from Consultants in 
London when, for example, certain materials specified are unob- 
tainable and alternatives have to be considered. After the drawings 
are approved, material lists are drawn up for the order office with 
instructions regarding specialities to be bought out, and deliveries 
required, and copies of the drawings are sent to the Planning 
Office for marking out with operation details, and so on. 

In buying out specialities a difficulty sometimes arises over 
dollars, as enthusiastic American sales; organisations sometimes 
persuade Colonial railways that their items are indepensable; in 
which case, the Ministry of Supply take a hand, and limit purchases 
overseas if the particular items can be obtained in this country. 


The wrapper p!ate or outside firebox top plate wraps 
Building _ over from each side of the foundation ring. It is marked 
the Boiler off and drilled on the flat before being bent to shape 
on the vertical press. 

The crown plate is similarly shaped for the inner firebox, but is 
drilled after assembly on the shell drilling machine. The wrapper 
plate thus acts as a drilling jig for the operation. The barrel plates 
are bent to shape on rolls. The backplate or rear outside end of the 
firebox, together with the firebox and smokebox tubeplates, are 
hot flanged in presses, as is also the throat plate. The latter forms 
the joint between barrel and firebox, and is also the outside front 
plate of the firebox. The firebox plates are sometimes welded, but 
so far in this country the barrels are all riveted. In the U.S.A. 
all-welded boilers were tried successfully before the war, and to-day 
the German manufacturers are trying completely welded boilers. 


The firebox shown in Fig. g is for an Indian 
Welded Steel railway boiler of the XP Class. The dished holes 
Inner Firebox in the throat plate are for thermic syphons, and 
the tubeplate is in front of a combustion chamber. 
Each strip of weld is X-rayed for a foot in every eight, and the 
metallurgist is able to point out the variations of runs, etc., to the 
welding operatives. The latter are trained by this means, before 
being passed for the high class of work demanded for welding 
boilers. 
Instead of thermic syphons, arch tubes are sometimes used. Both 
are designed to increase convection, but only arch tubes are applied 
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BUILDING A LOCOMOTIVE 


FIG. 9 


to copper fireboxes due to difficulty in satisfactorily welding the 
steel to the copper, as would be necessary with syphons. 

The inner ends of the roof stays are often fitted with nuts and 
washers, but when oil burning is being catered for, the stay ends are 
riveted over thus giving less obstruction to the flame path, and in 
consequence less maintenance is required, as nuts quickly burn and 
require frequent renewal. 

Instead of the normal static fire bar grate, rocking grates are 
sometimes fitted for coal burning. As the name implies, the small 
bars can be “‘ rocked ”’ from the footplate, and this breaks up the 
clinker which “ runs ”’ on the bars, and which is so detrimental to 
efficient combustion. It also cleans the fire when using coal with 
a high ash content, and is a much easier way than the fireman using 
a “ pricker ’’ through the firehole door. 

The small tubes are usually “ belled ’”’ at the smokebox end to 
facilitate introduction and removal. They are expanded into the 
tubeplate and at the firebox, and are often beaded over to protect 
them from burning. 

The large superheater tubes are similarly dealt with, and ferrules 
are used to protect the firebox ends. 

The superheater elements are fitted with spherical joints to give a 
completely steam-tight joint. 
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The horn spaces and lightening holes in the frames are 
Slotting usually burnt out on a Hancock profiling machine from 
Frames a template (Fig. 10). Pentane gas is used, and only faces 

required for a joint subsequently need facing on a 
machine. The remaining surfaces, after burning, are trimmed with 
a portable grinding wheel. 

The facing up is done on a slotting machine with three heads, 
each one of which is powered by a reversing motor, which drives 
through an Archimedes screwed shaft. A complete setting of frames 
is done at one time, a batch constituting 12 single plates or three 
bar frames. 

It may be of interest to know that this slotting machine was 
purchased new in 1914 at a cost of £4,139. It then had two heads. 
In 1919, a third head was added and the bed lengthened, at a 
cost of £1,135. This year, modern electrical equipment has been 
ordered and, at the same time, the stroke is being lengthened by 
3 in. at a cost of £27,000! 

Bar frames are more frequently specified nowadays. They give 
excellent accessibility, and the additional strength obviates the 
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BUILDING A LOCOMOTIVE 





FIG. II 


weakness of the plate frame at the top corners of the horn cheeks. 
In the U.S.A., before steam was ousted by diesel traction, cast steel 
beds were in vogue. They were cast with cylinders, brake cylinders, 
brackets, etc., all in one piece, and machinery was available for 
finish machining this formidable casting. No such facilities exist 
in this country. 


As mentioned previously, a bar frame permits a bigger boiler 
to be set lower, and there are many other advantages which make 
the present trend very understandable. 


Cylinders (Fig. 11) are usually made in cast iron, 
The Cylinders but sometimes in steel, and fitted with cast iron 

liners. The steam chest and valve ports are cast 
in one piece with them. 


They are tested under pressure with hot water before being 
passed for sending into the erecting shops. When being designed 
the casting sometimes incorporates the whole of, or part of, the 
smokebox saddle. The piston, piston rods, crossheads and slide-bars 
are fitted with the hind cylinder cover on a jig, before being sent to 
the erecting shop for assembly on the locomotive. 
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The leading buffing gear is usually made up of plate 
The Engine’ with angles and gussets, but the hind ends of the 
Dragbox frames are fastened to a dragbox (Fig. 12). This is 

sometimes a steel casting, but often a fabricated 
plate structure. It must house the intermediate drawbar and buffing 
gear, and be strong enough to take the stresses derived from that 
source. 


During the manufacture of the main items, work is 
General proceeding on numerous smaller details and 
Machining assemblies throughout the works. Batches of motion 
and Fitting details are being slotted, milled and planed. Whilst 

the Automatic Shop is busy making stays, bolts, 
studs, etc., the Copper Shop has all the pipework and clothing for the 
boilers in hand, and even the carpenters are busy making windows, 
footplate blocks or board flooring, and getting ready for the wooden 
liner which fits under the tender tanks on top of the frames and 
cross stretchers. Locomotives for hot countries usually have wooden 
shuttering in the cab, and the cab roof is lined with teak to break 
the intense heat of the sun on the cab roof plates. 

Wheel centres are being machined and fitted with tyres by 
shrinking after heating on a gas ring. The wheels are pressed on to 
the axles and keys fitted. Where roller bearings are specified, these 
are usually fitted by service engineers from the bearing manufac- 
turers in the wheel bay. Brake gear and pipe work is being prepared 
whilst the Fitting Shop is assembling reversing gear, sanding gear, 
axleboxes, fitting brasses into rods, to name a few of the many items 
which pass through their hands. 


Before putting the boiler in the frames (Fig. 13) it 
Lowering the has to be hydraulically tested with hot water, and 
Boiler on to again under steam, usually to one and a quarter 
Bar Frames times its working pressure, although some railways 

specify one and a half times the working pressure 
for this test. 

The frames are fitted with horn blocks in the frame bay and, 
when set up in the Erecting Shop, have cylinders and slide bars 
fitted after the various frame stretchers, motion brackets, etc., are 
in position. They are then lined up, before the boiler is lowered on 
to them. You will notice in the picture that the firebox has been 
“Jagged *’ and part of the clothing sheets fitted to the backplate. 
The lagging is either asbestos mattress or glass wool, or it may be 
foil mounted on wire netting. 

The clothing hoops are in position ready for the finished clothing 
to be fitted later. All joints in the clothing sheets are covered by 
clothing straps. Sometimes these are specified to be stainless steel. 
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FIG. 13 (above). 















BUILDING A LOCOMOTIVE 


Once the boiler is set in the frames, the assembly proceeds until 
the locomotive is “‘ wheeled ”’ and then a final test is made on the 
rolls. These permit the driving wheels to revolve under the loco- 
motive’s own power, whilst the locomotive is at rest with its side 
rods off. Valve vents are checked, and all steam joints and all 
cocks and valves come under pressure. After passing this final test 
the engine is lifted into the paint shop for either a grey coat for 
shipping, or final painting as required. 


The tender is fairly straightforward (Fig. 14), and 
Tender is usually carried on bogies. These are of the cast 
Construction steel or plate frame type, sometimes with roller 

bearings. All welded tenders are most popular and 
the design varies with the requirements for fuel and water capacity, 
provided the limitations of the structure gauge are observed. 


British Railways are providing a half cab on some of their 
standard engines to protect the engine crew from the weather, 
when tender-first working is fairly frequently required by operating 
conditions. 


It may seem incongruous, but most locomotives for export have 
to be sent to the docks by road transport. The gauge is rarely 
4 ft. 84 in. and, when it is, the locomotive for export is usually 
outside the British Railways loading gauge. 


Whilst little mention has so far been made of diesel and electric 
locomotives, nevertheless this form of motive power is rapidly 
coming to the fore, particularly overseas. 


You may be interested in hearing an opinion about the future 
for large diesels in this country. The prime cost is much higher 
than that of a steam locomotive—roughly, the steam locomotive 
costs one-third of a diesel electric. It will thus be appreciated that 
the railway requires a much greater operational use to compensate 
for the high initial cost, and the question arises as to whether in this 
country there are sufficient quick turn round jobs on the long runs 
to justify the capital outlay. On the other hand, the medium diesel 
and the shunter may have a brighter future. Undoubtedly, the 
steam shunter spends a large percentage of its time having to have 
its fire cleaned, its ashpan emptied and on trips back to a coal stage 
or plant away from the marshalling yards. The diesel shunter can 
stay on continuous duty in the yards for a week between trips to 
a shed, and British Railways have certainlyYappreciated that 
point. 


Today diesel mechanical locomotives of medium size are being 
tried, but they have yet to prove themselves. In America, the 
diesel has been sold completely to the railways and the banks and 
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finance corporations have footed the bill. In consequence the 
hundreds of locomotives they build each year give them a great 
impetus for their export trade, and it is only on the smaller gauges 
and new design jobs that the British manufacturers can compete. 


As soon as the war was finished, my 


1600 h.p. Diesel- Company built a Diesel Erecting Shop in 
Electric Locomotive anticipation of a gradual trend towards 
for Egypt other forms of motive power and, in col- 


laboration with the English Electric Com- 
pany, have built and are building diesels for Egypt, Tasmania, 
Queensland, Brazil and New Zealand. 


We have built electric locomotives for Brazil and Spain, and are 
to build for South Africa and India. When I mention 63 for Spain 
and 60 for South Africa, you will appreciate that this market is 
rapidly expanding. 


In addition, we collaborate with the Drewry Car Company for 
whom we have built numbers of small diesel shunters and power 
bogies, and we have on hand large orders for the 200 and 260 h.p. 
diesel mechanical type of locomotive for New Zealand and also for 
British Railways. 


Some characteristics of the Egyptian State Railways 1600 h.p. 
Diesel (Figs. 15 and 16) are as follows:— 
Gauge ... ie ‘aie os phe ... 4 ft. 8} in. 
OS —_— it ies oe mati .. 4-8-4 
Diesel Engine E.E. Co. - 163 V.T. 16 Cyl. Supercharged. 
1600 b.h.p. at 750 r.p.m. 


Traction* Motors a bus _ ue ee 

Motored Wheels dia. ... ae ses oa SE in. 
Overall length ... mae jt aa .-- 59 ft. 8 in. 
Weight in working order we ae «+» 124 tons 
Maximum axle load... one ove +. 17 tons 
Maximum tractive effort sie siee .-. 36,000 Ib. 
Maximum service speed io as --» 75 m.p.h. 
Fuel Capacity ... we ‘fee vi ... 760 gallons 


The same English Electric engine and transmission were also 
used in the British Railways 10,000 and 10,001 locomotives. 


With the expansion of hydro-electric power throughout the 
world, the electric locomotive is naturally an economic proposition, 
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FIG. 18 


and this form of traction is coming into greater prominence than 
ever before. The present order we are building is for Spain, and 
this locomotive (Fig. 17) is the most powerful of its type yet built 
in this country, i.e. 3,600 h.p. 


Fig. 18 shows a prototype of 3,000 h.p. built for the Sao Paulo 
Railway of Brazil. These locomotives ran an average of 160,000 
kilometres each in the first 12 months, and are giving excellent 
service. 
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ENGLISH ELECTRIC 


f.h.p. electric motors 





~“ 
iC 
| a 
| § 
Designed for Every Drive 
Fractional horse-power motors, A.C. and | and are made in a variety of enclosures 
| D.C., ranging from 1/12 h.p. to 1 h.p., are | which include drip-proof, totally-enclosed, 
manufactured by ‘ENGLISH ELectTric’ for and totally-enclosed externally fan-cooled, 
/ every type of drive. with ball or sleeve bearings. 
They are suitable for a wide range of indus- The motor illustrated is a + h.p. sleeve- 
trial, commercial and domestic applications | bearing single-phase type. 





The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, wW.C.2 
F.H.P. Motors Department, Bradford 
Works: STAFFORD ~- PRESTON: RUGBY ~- BRADFORD - LIVERPOOL: ACCRINGTON 





~ FHP. 3 
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ONE MAN ONE TON ONE HOUR 





AIRLESS ROTARY BARREL 
SHOT BLAST MACHINE 





This is the simple formula 
for efficient and economical 
production—in other words, 
the “Blast Power’’ of the 














CENTRIBLAST Airless Rotary jutstandin 
Barrel Shot Blast Machine. Un- PE FOR DI 
surpassed for cleaning ferrous r tiga 
and non-ferrous castings, steel e Assoc 
aE tings. 
fabrications, heat treated parts, 
sequest. 
and for the preparation of ae 
oe fastings a 
surfaces for painting, rust Write for full details to : Hine is 1 
proofing and vitreous enamel- 
ling, ete. SPENCER anp HALSTEAD Ltp 
No Compressed Air. OSSETT . YORKSHIRE | 
Completely Dust Free. ENGLAND 
SS hss — sss TCT 
P.1914 


ALLOY 
















nost as quickly as you can say the words “ Think Zinc ”, molten 
inc alloy has become the Meccano scale model you see here. This 
peed in production is just one reason why in recent years so many 
ndustries have adopted the zinc alloy die casting process. Other 
butstanding advantages are :— 

KOPE FOR DESIGNER © EXTREME ACCURACY © GOOD CORROSION RESISTANCE -: STABILITY 
STRENGTH - LONG LIFE OF DIES * LITTLE NEED FOR MACHINING ~ LOW UNIT COST 
The Association welcomes inquiries about the use of zinc alloy die 
tastings. Publications and a list of Members are available on 
quest. We suggest you write for our booklet “ Zinc Alloy Die 
fastings and Productivity ”. 


linc is now plentiful. There are no restrictions on its use 


| 


| 





bi ALLOY DIE CASTERS ASSOCIATION - LINCOLN HOUSE - TURL STREET - OXFORD - TEL: 48088 
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THE DRILLING MACHINE 
SPECIALISTS Hae 





To DATE | 







\ Built 
AVE BEEN 
9 RADIALS si 


Assembling ‘OD’ Radial Drills 
at our works in Halifax. 


The ‘OD’ Radial Drills have 








proved the most popular — 
machines of their class & When 
the various sizes are in use more rc 
in many parts of the world. 
Complete centralisation 
of simplified controls and [ee “ 
an unvarying stand rd of You’ 
fine workmanship are F 
features contrituting to os 
this outstanding success. saves m 
in KID 
on 4 Pee ranging 
’ . ’ compre! 
ChainC 
! 
| 
WILLIAM ASQUITH LIMITED ; 
HIGH noe WELL, HALIFAX, ENGLAND W 


les & Service for the British Isles 
DRUMMOND-ASQUITH (SALES) LTD. King Edward House, B’ham. 
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HOW TO STRETCH YOUR FACTORY 


Pt te wt, 


SPACE WASTED 






NY) 


\ 











When goods are heaved and humped about by hand you need lots of expensi ve 
space—or work areas are cramped and cluttered, workers are heldup:... . 


++ 


When you put overhead space to work, using handling gear, everybody has 
more room, hold-ups don’t happen, every foot of space is working space . 














= OUT FOR IDLE MACHINES, operators taken from the job, work-space cluttered up. 

You'll find one major cause—faults in handling. A well-planned handling installa- 
tion produces more from the same floor space, puts unused overhead space to work, 
saves manpower, reduces scrap. You will find 
in KING booklets details of installations 
ranging from a single electric pulley block to 
comprehensive layouts of Overhead Runways, 
Chain Conveyors, Floor Conveyors and Cranes. 


KING 





SPECIALISTS IN 
MECHANICAL HANDOLING 


Write for Illustrated Booklet MYS0A 





THE {KING ‘POWER-PULLED a 


GEO, W. KING LTD., 502jwORKS, HITCHIN, HERTS. 
TEL: HITCHIN 960 a AND AT STEVENAGE. 





| 
| overhead conveyor up bly at 
Hoover’s famous factory. 
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is where we are concerned to help. 


control. One of industry’s immediate 
needs Is the reduction of waste—the 
waste of time that costs money. 


GLEDHILL 


20 EMPIRE WORKS 





3, isMONEY 


The Gledhill-Brook Company was 
intimate with the early problems 
associated with the design and 
production of time recording 
machines, and was first In produc- 
ing efficient electric impulse 
recorders with accurate time- 
keeping free from dependence on electric frequency or external 
Influence. Wages and cost methods have a time basis — that 





A large number of time recording models is now available 
covering most of the known neds for wages and labour cost 


i 


TIME RECORDERS 
GLEDHILL-BROOK TIME RECORDERS LIMITED 
HUDDERSFIELD 
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Its “Mew... 


it’s an outstanding development in Oil-Fog lubrication... 
it’s 


a ee m os 
SS 


Gee WiierOr09 = 
is 





WHAT IS MICRO-FOG? MORE UNIFORM 

It is a finer oil-fog produced by the Each drop of oil is broken down 

new Norgren Micro-Fog lubrica- into very fine particles of uniform 

tor, allowing greater cniloniy of size making a true fog capable of 

oil flow and giving better lubrica- lubricating thoroughly all parts 

tion than ever before. reached e air — particularly the 
most closcly fitted moving parts. 


TRAVELS FURTHER 
This finer fog remains in suspen- 


CUTS MAINTENANCE COSTS 


sion, enabling greater distances By its greater efficiency in oper- 
to be covered and several lines ation, its increased service and 
supplied at the same time from lower upkeep costs, the new 
one lubricator. Norgren Micro-Fog lubricator is 


a_ great advance in the technique 
of lubrication. 


Specially engineered for 
HIGH-SPEED SPINDLE LUBRICATION 
SMALL TOOL LUBRICATION 
MULTI-POINT LUBRICATION 
1/4” B.S.P. SIZE ONLY 


Full details from: ‘ a) 


C. A. NORGREN LTD, SHIPSTON-ON-STOUR, WARWICKSHIRE. Tel. Shipston-on-Stour 110 & 106 
London Office: KENT HOUSE, 87 REGENT STREET, LONDON, W.1!. Tel. REGent 2951 
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Each cleaning problem studied individually 





INDUSTRIAL 
CLEANING 
MACHINES 


This illustration shows 
a machinecleaning 
crank cases in the pro- 
duction line. 

It is equally capable of 

cleaning small parts in Photographs by courtesy of “Machinery.” 


5 ae c 


Sole Agents for Great Britain : 
GEO. H. HALES MACHINE TOOL CO. LTD., Victor House, 1, Baker St., LONDON, W! 














Designed and Manufactured by : 1 


BRATBY & HBINCHLIFFE LTD., SANDFORD STREET, ANCOATS, MANCHESTER | 
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PRESSURE 


DIRCASTING 


IMPELLOR 
CAST IN 
v7: Ww Ae Gs 

7 A a Oe 


THERE ARE SEVERAL REASONS WHY 


THIS IMPELLOR HAS BEEN DIECAST 


@ THE SPLINE IS TAPERED WITH]A BLANKED-OFF END. 
@ IT IS READY ‘TO FIT WITHOUT FURTHER MACHINING. 
@ SAVES TIME AND MONEY. 


SEND: YOUR PROBLEMS FOR OUR ATTENTION,} 
PRESSURE DIECASTINGS IN ZINC, ALUMINIUM, AND MAGNESIUM 
ALLOYS. 


ELECTRO-PLATING AND OTHER FINISHES. 


WINDLEY WORKS, WOLSEY ST. 
RADCLIFFE ° LANCASHIRE 




















G.K.N.’s Sems Fastener Unit, the combined screw and lock-washer. t 
Every screw reaches you with a washer of the correct size and type é 
already fitted to it. The washers are free to rotate but will not come off. 


The units are easy to handle, drive home quickly and lock firmly against 


vibration. They simplify ordering and stock-control. Sems save assembly MAI 
_ DIE 
time, trouble and expense. Save with Sems. \ 
f 
If it’s a matter of how to fasten one thing to another 
} 
. . \ | 
get in touch with G K4 N 
\ \ 
| Ful 


GUEST KEEN AND NETTLEFOLDS (MIDLANDS) LTD 


Screw Division, Box 24, Heath Street, Birmingham, 18 


S/SFL/2859 
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lay HERBERT Silay 


LANDIS 
THREADING 
MACHINES 




























her. | 


ype | F 
off 
inst | = 

MADE IN ENGLAND. FITTED WITH ORIGINAL LANCO 
DIEHEADS MADE BY THE LANDIS MACHINE CO., U.S.A. 


ibly 


For |”, 14", 2", 24” Bolts; 1}”, 2” Nipples 
‘ Operates on 400/440v, 3p, 50c A.C. supply 


| IMMEDIATE DELIVERY 


Full details from Factored Division, Red Lane Works. Phone: 89221 (10 lines) 
' 


I SOLE AGENTS: 


’ |ALFRED HERBERT LTD - COVENTRY 
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BRITISH U.S. TOOL CO. PRESS ROOM EQUIPMENT 





















Re 

aD 

al 

t 

: 
| ene YOUR PRESS 
OUTPUT BY EFFICIENT 
HANDLING OF COIL STOCK 

— raighte 

ov 

Succ 

HON 

GRIN 

MILI 

BRO. 

GEA! 

MET 

* All the above units MAC 
are fitted with a mercury switch loop control 

Write for illustrated catalogue showing complete range } 
ROCKW ELL ig 


MACHINE TOOL SaLaEE WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 





ALSO AT BIRMINGHAM—Tel: CENTRAL 3692/3 - STOCKPORT—Tel: STOCKPORT 5241 + GLASGOW—Te!: MERRYLEE 
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OVER 3,000 


Successfully operating on — PATENT No. 603083 


HONING MACHINES 4 

GRINDERS OF ALL TYPES ; Made in 
MILLING MACHINES ' Great Britain 
BROACHING MACHINES 

GEAR SHAVING MACHINES 

METAL ROLL FORMING 

MACHINES ETC. 


BARNESDRIL MAGNETIC 
AUTOMATIC COOLANT SEPARATORS 


RYLEE DEVONSHIRE HOUSE, VICARAGE CRESCENT 


CASTON E. MARBAIX LTD BATTERSEA, LONDON, $ Wi 


ATTERSEA 8888 (8 lines 
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Speeding | 
Compressed air, correctly used, will speed up machine 


output and reduce operator fatigue. The Schrader 
p re a S e S Air Ejection Set is designed for incorporation in the 

cycle of operations of a machine to provide an air blast aE 
at the required moment and for the appropriate dur- 
ation. In this way work can be moved at machine speed 
and yet reduce the operator’s physical effort. There are 
a hundred and one (perhaps even more) ways of adapt- Ex| 
We illustrate a battery of ing these Ejection Sets to improve machine and opera- 
side flywheel presses at tor’s performances. May we tell you more about them? 
the works of Johnson, 
Matthey & Co. Lid., 
Wembley. These presses 
are fitted with Schrader 
Air Ejection Sets and the 
cam tripping mechanism 
is shown. 














To: A. SCHRADER’S SON (Division of Scovill Mfg. Co.), 829 TYBURN ROAD, ERDINGTON, B’HAM 24 


Please send details of Schrader Ejection Sets and Air Control Equipment 
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3 You are invited to the 
ENGINEERING INDUSTRIES ASSOCIATION 


Fifth London Regional Display 





Royal Horticultural Society’s New Hall, 
Greycoat Street, S.W.|I 


ON 


















, 14th and [5th October, 1952 
ae from 10.30 a.m. to 7.30 p.m. 
r blast 
oo THERE WILL BE AN 


ere are 


«| Exhibition of Blue Prints and Samples 


opera- 
them? AT WHICH YOU ARE INVITED TO sHOW 


Charge for space — fl 








CATALOGUES price I7- (1/4 post paid) 


——s Entry free on presentation of Business Card or by ticket from: 

LONDON REGIONAL SECRETARY, 
ENGINEERING INDUSTRIES ASSOCIATION, 
sovennson 9, SEYMOUR STREET, W.|! 








CAR PARK: VINCENT SQUARE, S.W.! 
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Natural Spring 

Efficient in design and robust in 

construction, the Clark Horizontal 


Stock Reel is selling in large quanti- 
ties throughout the world. 


Material is taken from centre of the 
coil, thus taking advantage of the 
natural spring of the material, elim- 
inating snatch Or tightening. Will 
take coils up to 24 in. diameter. 


HORIZONTAL STOCK REEL 


| INTERNATIONAL Ww 

MACHINE TOOL ha 
| EXHIBITION pr 
| LONDON 1952 = 


| “x | AUTOMATIC PRESS FEED 8 
in 
—— with the NEW micrometer stop: 

: Ww 
This refinement enables the lengti sk 
of feed to be set precisely and in ie DI 
time. fc 
Seven sizes are available : maximum ¥ 
feeding length up to 4”, maximun) = 
width of material up to 4”. ‘ 
The Clark Press Feed, in conjunction tl 
with the Clark Horizontal Stock Reel R 
means increased efficiency in you a 

press shop. 
May we send details? 























> ai a <4) BSS) Ae ga ‘a ( 


VAUXHALL BRIDGE ROAD, LONE vv 


094 Ex 4(™ 





PLEASE NOTE NEW ADDRESS: 
103 LANCASTER ROAD, LADBROKE GROVE, LONDON, N.W.1!! Telephone: PARK 
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WHAT EVERY LOCAL AUTHORITY 
SHOULD KNOW ABOUT 











What is scrap? Anything made from 
iron and steel which has outlived its 
present usefulness — such as obsolete 
machinery, old bicycle-frames and 
gardening tools, broken farming 





Can't they make steel without scrap? 
Yes— but not enough steel. Last year, 
58% of our steel was made from scrap. 
The more scrap we use the more coal, 
coke and iron ore we save for other 


: st on implements. important purposes. 

Where is itP In houses and flats, in What can local authorities do about it? 
lengt shops and offices. You will find scrap You can help to speed up the country- 
in les practically everywhere if you look Wide Scrap Drive by organising special 

for it. house-by-house collections of scrap 
ieeais throughout your area. 
tienen What good is itP No good at all in The British Iron and Steel Federation 
its present state. But send it back to will be glad to co-operate in the organ- 
, the steelworks and it can go to make isation of these special scrap collec- 
NCtios the new steel that all steel-users need. tions. For the address of your Joint 
k Reel Remember—a ton of scrap may make District Scrap Committee write to the 
1 you! a ton of new steel. British Iron and Steel Federation. 











SPEED THE SCRAP 
SPEED THE STEEL 


Issued forthe STEEL SCRAP DRIVE by the 


XXXiV 





British Iron and Steel Federation and the National Federation of Scrap Iron, Steel 
and Metal Merchants. 
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The Chameleon, whose main object in life is 
making free meals from flies and other 
insects, is perfectly built for the job. 
Long tail, srasping feet, binocular vision 
and telescopic tongue all belp Mr. C. in 
bis self-appointed tasks. He himself is 
protected from chameleon-supper-seekers 
by his proverbial gift of camonflage. All 
of which accounts for the fact that you 
mever see a worried-looking chameleon 





perfectly designed to do the job 


The Wild-Barfield Electrode Salt Bath also does the 
job perfectly. Using different salts for different 
ranges, temperatures can be maintained between 
550°C. and 1350°C. In the high temperature ranges 
greater rapidity of heating is achieved than by any 
other method, and the protective nature of the salt 
ensures a clean finish and freedom from decarburisa- 
tion. Perfect in fact for pre-heating, hardening, 
quenching and secondary hardening of high-speed 
steels ; hardening carbon and low alloy steels ; 
cyanide hardening ; brazing etc. 


Wild - Barfield 


Electric Furnaces 





FOR ALL HEAT-TREATMENT PURPOSES 





WILD-BARFIELD FLECTRIC PURNACES LTD., ELECFURN WORKS, WATFORD, HERTS. PHONE: WATFORD 6094 (4 LINe®) 
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Pine Borg 
the PRECIMAX “zy 


... ensures Peak Froduction 


al TELA 
Precision at 
GIRLING LTD. 


wu au 


PRECIMAX 


FINE BORING 
MACHINES 


Ac Girling Ltd. master cylinders 
for hydraulic brakes are finished 
at high speed to close limits cn 
this PRECIMAX model FBI fine 
borer. Two diameters are bored, 
0.625 in. by 3 in. long, and 0.875 
in. by } in. long, respectively. 
Limits are held within 0.0005 in., 
and consistently high output rates 
are raintained. Wherever they 
are installed, PRECIMAX fine 
boring machines assure close 
limits, excellent finish and peak 
production rates. Ask for details. 


JOHN LUND LTD- CROSS HILLS - KEIGHLEY - YORKS 


A2 
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ew. TOOLS & GAUGES LIMITED 


HARPER ROAD - WYTHENSHAWE - MANCHESTER 
| PHONE WYTHENSHAWE 2215. GRAMS PNEUOOLS, PHONE 





y pow pines 


ee. fr 
JIGS-FIXTURES 


& GAUGES 


PRESS TOOLS - MOULDS AND 
SPECIAL PURPOSE MACHINES 


of all hinds 


Up-to-date shops specially laid out and 
equipped for eg: on a production 
basis, every type of precision ground 
gauges; limit snap, form, calliper, ta 7 
and special purpose gauge, as wel 
jigs and fixtures of all kinds, press tools, pa 
and special purpose machines. Highest class 
workmanship and accuracy guaranteed. 


















G.P.A. TOOLS & GAUGES LIMITED 


Guaranteed Precision Accuracy 


Members of the Gauge & Tool Makers’ Association 








AIR ComPRESSORS 
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We have standard types for all capacities 


ail and pressures and can supply the most 


tion 
und 


per 
la} 
slds 

lass 


efficient and reliable machine for any duty. 





} 


eo| REAVELL & CO. LTD. - IPSWICH 


7} Telegrams: “Reavell, Ipswich.” Telephone Nos. 2124-5-6 
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Dawson METAL PARTS 
CLEANING & DEGREASING MACHINES 


ensure the steady flow of production for the export and home markets. 
Doing the work of many hands in a fraction of the time, they are an import- 
ant part of the equipment ofall modern engineering works. The illustration 
above shows engine sumps being washed ready for final assembly. Dawson 

Washing and Degreasing Machines are built to 
handle all sizes and shapes of metal components. | 











Sole Distritutor 


DRUMMOND-ASQUITH (SALES) LTD 
King Edward House, New Street, BIRMINGHAM 
Telephone: Midland 3431 
Manufacturers : DAWSON pros tro. 


Gomersal, Leeds } 
Londen Works: 406, Roding Lane South, Woodford Green, Essex 
Telephone : Wanstead lines 





7777 4 
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NEVEN TOOLS _ 
speed the job?! 









A CUSTOMER’S COMMENT: 
Since using “*“NEVEN”’ Tools our cost per unit in the Tool 
Room has been reduced to a fraction of a }d. from 24d. 
per unit when using other forms of diamond tools. 


Over Twenty years ago Mr. Neven introduced his Im- 
pregnated Diamond Tools. Great technical advances 
have been made in succeeding years and production is 
still under the personal supervision of Mr. Neven. Our 
latest catalogue gives the widest range of Diamond Tools 
yet listed for working tungsten carbide, glass, quartz, 
stone, ceramics and hard refractories etc. 


Keep right up to date by sending for a copy today. 


IMPREGNATED DIAMOND PRODUCTS LTD: GLOUCESTER 
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_ 
LATHES | 


Above : 

The ‘ Series 85" 8} in. S.S. and 
Sc. Lathe with 8ft. bed to cdmit 
48 in. 











Today’s heavier production de- 
mands the utmost reliability in every 
machine tool installed in your work- 
shops. Both these W. & M. Lathes 
are designed and built for just that 
arduous service—for accuracy, ease 
of operation and thorough depend- 
ability year in and year out. Write 
for descriptive booklet. 


The ‘70 Junior’ 7 in. S.S. and 
Sc. Lathe with with 6 ft. 9 in. 
bed to admit 45 in. 


WOODHOUSE é MITCHELL 


PROPRIETORS THO! Ww. WARD LTO 


WAKEFIELD ROAD - BRIGHOUSE 


TELEPHONE: BRIGHOUSE 627° 3LINES - TELEGRAMS WOODHOUSE. BRIGHOUSE 


wns 
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WOLPERT 








All Purpose Hardness Testers 


DIRECT 
READINC IN 
VICKERS 


BRINELL AND 
ROCKWELL 
SYSTEMS 








CONTROLS 
PERMIT HIGH 


HOURLY TEST 
RATE 





The DIA-TESTOR range 
of machines meet fully the 
requirements of modern 
production by providing 
simple and rapid means of 
testing for both metals and 
a wide range of substances. 


The DIA-TESTOR gives 
direct readings in Vickers, 
Brinell and Rockwell sys- 
tems, and load selection 
is by press button. 


Machines are available in 
types and sizes for carry- 
ing out hardness tests 
under all conditions. 


Specify: 
Wolpert 
DIA-TESTOR 


Hardness Testers 


Full particulars gladly sent on request 


Sales and Service for the British Isles 





Tel. Trafalgar 7224 


DRUMMOND-ASQUITH (SALES) LTD. 
KING EDWARD HOUSE NEW STREET BIRMINGHAM 
Tel Midland 3431 (5 lines) Grams. Maxishape, Birmingham 


LONDON: HALIFAX HOUSE, STRAND, W.C.2 


also at GLASGOW 





Anderson 
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‘Newallastic’’ bolts and studs have qualities which 
are absolutely unique. They have been tested 
by every known device, and have been proved 
to be stronger and more resistent to fatigue 
than bolts or studs made by the usual method. 








POSSILPARKR GLASGOW-N 
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SUNBEAM 
ANTI-CORROSIVES 


PLEASED TO ANNOUNCE 


the opening of their 





NEW OFFICES, WORKS and 
LABORATORY 


at 


CENTRAL WORKS, CENTRAL AVENUE, 
WEST MOLESEY, SURREY 


Telephone: West Molesey 4484 (5 lines) 
Telegrams: Sunanticor, East Molesey 





To avoid delay in attending to your enquiries 
please address all correspondence to above 








} 


| Manufacturers of 
| STRIPALENE - ALOCLENE > FERROCLENE 
BRAZOCLENE + FERROMEDE 


LIMITED 





SUNBEAM ANTI-CORROSIVES 
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Installations of today have not reached their 
high standard through chance selection of 
materials. Klingerit Jointing is well established 
for dependability and performance. 


The “Book of Klinger Jointings” containing full 
techmcal data will be sent free on request. 


KLINGERIT WORKS - SIDCUP - KENT - Tel: FOOTSCRAY 3022 





aizc 





RICHARD KLINGER LIMITED 


PL 


| 





‘heir 
of 
hed 


full 
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MAGNETIC AIDS 
DESIGNED TO 
ACCELERATE PRODUCTION 


MAGNETIC HOLDER 
An ingeneous magnetic work- 
holder with flux control having 
Vee’d and plain surfaces at angles 
of 45. 90. and 135. 





MAGNETIC BASE 
For holding dial gauges when set- 
ting up and checking work-pieces. 
Adheres magnetically to vertical, 
horizontal, or cylindrical surfaces 
with simple switching for release. 




















MAGNETIC FLOATERS 
Standard units in two sizes to cover 
the widest possible range: for 
separating ferrous sheets or com- 

ponents thus facilitating handling 

or mechanical feeding. 


These “Eclipse” Magnetic 
Aids to Production are made by the 
manufacturers of the world-famous “Eclipse” 
Chucks and are designed by specialists in the application 
of Permanent Magnets. 

Obtainable from usual supplies of “ Eclipse” Tools. 


{ 
22} JAMES NEILL & CO. (SHEFFIELD) LTD. SHEFFIELD - ENGLAND 


=F 





™ 




























%*% See our Exhibit at the 
London Building Centre, 
Store St., London, W.1. 


MANGANESE BRONZE 
or H.T. BRASS 


Because of their great strength, good resistance to corrosion and 
easy machining, more and more manufacturers are specifying 
MCKechnie manganese bronzes and high tensile brasses. MCKechnie 
Metal Technique has helped to solve many manufacturing and 
machining problems. Perhaps it can help to solve yours? Write to 
MCKechnie Brothers Ltd., 14, Berkeley Street, London, W.1. 


MCKECHNIE BROTHERS LTD 


Metal Works: Rotton Park Street, 
Birmingham, 16. Branch Offices : 
London, Leeds, Manchester, 
Newcastle-on-Tyne. Solder 
Works: Stratford, London, E.15. 
Copper Sulphate and Lithopone 
Works: Widnes, Lancs. Enquiries 
for Lithopone and Solder to 14, 
Berkeley Street, London, W.1. 
South African Works: M¢Kechnie 
Brothers, S.A. (Pty.) Ltd., P.O. 
Box No. 382, Germiston, S.A. 
New Zealand Works: M¢Kechnie 
Brothers, (N.Z.) Ltd., Carrington 
Road, New Zealand. 
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why pick on us? ® 


For our experience? 

25 years of it. 

As pressure die casters go that 
makes us pretty long in 


the tooth — but still very 





young in mind. 


the whole in one 


BRITISH DIE CASTING AND ENGINEERING COMPANY LTD. 


Pembroke Works - Pembroke Road - London, N.10 - Telephone Tudor 2594-5-6 





WEST CHIRTON TRADING ESTATE - NORTH SHIELDS - NORTHUMBERLAND - NORTH SHIELDS 2100 
CRC2I 
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' He keeps the score- 
for a team of eighty 






















THE music swells to a superb 
climax. And yet all might now be chaos and | 
confusion if one man—the orchestral librarian 
—had failed to check every musician’s score. 
So often in Industry, too, it is meticulous 
service behind the scenes that is all-important. 
Such service is the proud task of the Hoover | 
‘fractional’. All over the world manufac- | 
turers have proved they can trust the quality, 
efficiency, and dependability of the Hoover 
Fractional Horse Power Motor. 





Hoover F.H.P. Motors are available in 
drip-proof or totally enclosed frames. Split 














phase, capacitor start or three phase, with 
various mountings. Please write for the 
name of your nearest distributor. 








HOOV 


INDUSTRIAL PRODUCTS DEPARTMENT 





CAMBUSLANG 








ER LIMITED 


LANARKSHIRE 





SCOTLAND 
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CENTRELESS 
GRINDING MACHINES 





perb | 

and 
arian 
core. 
lous 
tant. 
Over 
ifac- 
lity, 
over 















Machine Tool 





Exhibition ALFRED HERBERT, LTD., COVENTRY 
a Sole Selling Agents for Great Britain & Ireland. 
Olympia 


Stand No. 3 








, ARTHUR SCRIVENER, LTD., BIRMINGHAM, 24. 
Telephone: ERDington 2274 Telegrams : ““Machintool” 





THE AUTOMATIC COIL WINDER & ELECTRICAL UIPMENT CO. 


WINDER HOUSE * DOUGLAS STREET * LONDON 5%.W.I. SHANE ViCroria 3404—9 
/ 
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CONVEYING GLASS FIBRE WOOL 


(By Courtesy of the Frigidaire Division of General Motors Ltd.) 


The flexibility and adaptability of the Teleflex ‘Dual-Directional’ Chain Conveyor is 

exemplified in the installation shown above. The angle of rise and fall at the 

off-loading points is 70° from horizontal and as can be seen allows maximum value to 
be obtained from floor space. 


| For medium duty conveying specify the 
TELEFLEX ‘DUAL DIRECTIONAL’ CHAIN CONVEYOR SYSTEM 


| TELEFLEX CONVEYORS 
SIMPLICITY + RELIABILITY - ECONOMY - FLEXIBILITY 
Manufacturers of the World Famous Teleflex Remote Controls. 


TELEFLEX PRODUCTS LTD - UPHALL RD. - ILFORD - ESSEX 
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We gapnres LINC MENACE. 2 


wall Wt 


on “4 ~< 
ferauurer aie og 
Shock, ——- # 2 YS om 
"¥ 
M Vga. 


im life of your 
- die-casting 
is in danger 


While we appreciate the necessity to recover every pound 
of the scarce non-ferrous metals, we cannot refrain from re- 
minding users of high quality zinc alloy pressure die castings that 
the fact still remains that such castings can ONLY be produced 
by using alloys which conform strictly to B.S.S. 1004. 


The present tendency to bring into use doubtful alloys makes 
it more necessary than ever for purchasers of zinc alloy pressure 
die castings to ensure that the pressure castings which they 
buy do in fact strictly conform to B.S.S. 1004. 


LUILMEBRKEIOPTON LUELISTING LOLTD 


GRAISELEY HILL * WOLVERHAMPTON 


TELEPHONE: 23831/4 WOLVERHAMPTON 
TELECRAMS: DIECASTINGS,WOLVERHAMPTON 





AMERICAN AFFILIATION:— 


PRECISION CASTINGS CO. INC., FAYETTEVILLE; SYRACUSE; CLEVELAND; 
KALAMAZOO ; CHICAGO. 
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Garia Intermedia 


Garia Shells are elaborately sculp- 
tured and delicately coloured. They 

are bivalves with a pair of tooth- like 
projections in one valve but only one 
in the other. Garia intermedia is 
about 2} inches long, having a whitish 
shell streaked with fine rays of rose 


colour. It is found in European 


waters, particularly off the coast of 
Portugad 


These seashells help you to cut 
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Macron Kellettii 


Macron Shells have the characteristic 
family sha of a crooked horn. 
‘Macron Kellettii may _be as much as 
three inches tone, i 
horny epiderm 

colour, the shell tse being thick an: and 
white. It is found 

California and near San Diego. 


HELL Garia Oils—extreme pressure oils of the *‘ active ’’ type—are recom- 
mended for severe cutting operations on tough steels and other materials 
which are difficult to machine. 
Shell Macron Oils are transparent “inactive’’ E.P. oils. They can be used 
for less severe cutting operations on all types of ferrous and non-ferrous 
metals without fear of staining and are particularly suitable for automatic 





Seashell Oils are produced as the - 


result of world-wide research. Here 
you see a Shell scientist using an in- 
strument capable of detecting surface 
irregularities to a millionth of an inch. 


lathe work. 

The Seashell range of specialised industrial lubricants, which 
includes Shell Garia Oils and Shell Macron Oils, is marketed 
throughout the world. There is a Seashell grade for every 
industrial use—and each of these grades is available every- 
where in the same high quality. Shell lubrication engineers 
will be pleased to provide further information and to make 
specific recommendations for particular purposes. 


Shell Garia Oil 
Shell Wacron Oil 


su LEADERSHIP IN LUBRICATION 
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BARBER - COLMAN 
combination 
sharpening 
machine 


GRINDS WET OR DRY 
TO BETTER FINISHES 





CONTROLS FLUTE SPACING 
AND LEAD OF HELIX 







REPRODUCES DESIRED 
CUTTING 
AND RELIEF CLEARANCES 








HANDLES SHORT LEADS 
AND SMALL DIAMETERS 












For controlled sharpening 
of hobs milling cutters 
and reamers 





REGRINDS TO NEW 
DESIGN SPECIFICATIONS 


BARBER & COLMAN LTD 
MARSLAND RD. BROOKLANDS, MANCHESTER 
Telephone : «- Sale 2277 (3 lines) 
Telegrams: .. ---  “Barcol’’, Sale. 


CONTROLS DIAMETER 
SIZE AND PROFILE 
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Electrically-driven drum sander at Thames Plywood Manufacturers Limited 


4 man has only two hands 


A MAN WHO IS USING BOTH HANDS to feed a 
machine has none to spare for complicated or ill- 
placed controls. For starting, for emergencies, for 
shut-down at the end of the run, he is best served by 
simple controls which are instantly accessible from his 
working position. Individual electric motors for your 
machines, with controls in the right place for the 
operator, will speed up your schedules, saving time 
and labour. With less idling time, and no transmission 
loss you will save power, too, and make efficient use of 
the available electricity supplies. 


Electricity for PRODUCTIVITY 


WHERE TO GET 
MORE INFORMATION 


Your Electricity Board will be glad to 
help you to get the utmost value from 
the available power supply. They can 
advise you on ways to increase pro- 
duction by using Electricity to greater 
advantage — on methods which may 
save time and money, materials, and 
coal, and help to reduce load shedding. 
Ask your Electricity Board for advice: 
it is at your disposal at any time. 


Issued by the British Electrical Development Association 
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PRESS TOOLS 
JiGS & FIXTURES 
GAUGES 
PROTOTYPE AND 
PRODUCTION WORK 
© AIRCRAFT 
COMPONENTS 


SKINNERS 22x00 LTD 


30, CONISTON ROAD: REDBRIDGE - SOUTHAMPTON 
TELEPHONE : TOTTON 2228 











A Ransomes can take “€ 8 


Whenever bottle-necks “= 
appear, whenever there are 
products to be lifted, 
stacked . or moved—a 
RANSOMES Fork-Lift 
Truck reigns supreme. 
Quickly, economically, 
without noise or fumes it 
keeps production _ lines 
clear and conserves space 
by stacking heavy objects 
whereby before that had to 
stay on the floor. Every 


moment of the day ‘‘RAN- 
mime Ransomes 
Made in BATTERY POWERED 


10, 20 and 40-cwt. sizes. 
Ask Jor details. ELECTRIC FORKLIFT TRUCKS 


RANSOMES SIMS & JEFFERIES LIMITED, ORWELL WORKS, IPSWICH 
















| 
| 







sh 
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than I can chew with all this extra production:’ 








wrown teeth... 


. said, “1 think I’ve bitten off a bit more 


The machine 


shop foreman examined the worm’s molars. ‘“* Mmmm,” he murmured, 


“Tl admit that your teeth are not very engaging!” At this 





Tecalemit lubrication sys- 
tems—fully automatic, 
semi-automatic or manu- 
ally operated—feed every 
bearing with the correct 
amount of oil or grease 
at the correct intervals 
of time, regularly ... 
unfailingly ... efficiently. 
A Tecalemit engineer will 
gladly call to discuss your 
particular lubricating prob- 
tems with you. 








point the Tecalemit man intervened. 
* Don’t look down in the mouth,” he 
said, “I’ve come to fit you with 
Automatic Lubrication — that'll stop 
you overeating!” “Oils well that 
ends well,” sighed the worm happily. 


TECALEMIT 


The Authority on Lubrication 
PLYMOUTH, ENGLAND T406 
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GROUND THREAD & CUT THREAD } } 
















© JOHN HARRIS TOOLS LTD., WARWICK, pse:7416 ime | 
—— a . 
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INDUSTRIAL DIVISION 


KLEEN-E-ZE BRUSH CO. LTD.}) 
HANHAM, BRISTOL 


THE NAME WITH A MEANING 
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have been furning 
the World over 
for 86 years... 














Dean Smithé ©] food <4 


LTD} KEIGHLEY <« Limited - ENGLAND 
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A Special Notice to 
MEMBERS OF THE INSTITUTION OF PRODUCTION ENGINEERS 








Every Thursday, week by week 





describes the latest production methods used by the leading engineering 
plants of the world. In addition it covers new machinery and equipment, 
materials, practical problems, patents, and news of the industry, etc. 
There is no more efficient, economical, and convenient method of 
keeping up to date than by reading MACHINERY regularly. 


ORDER YOUR COPY OF MACHINERY NOW. 





MACHINERY PUBLISHING CO., LTD., NATIONAL HOUSE, 
WEST STREET, BRIGHTON, I. 














-for pert° ect casting 
0 


We have pleasure in introducing a new 
British designed and British built Cold 
Chamber Die-Casting Machine. 


Model 10c. 
DIE-CASTING 
MACHINE 


The machine is self-contained, hydraulic- 
ally operated, suitable for hand or semi- 
— oO} —- — machine is also 
tted wit ydraulic ejection and 
Stand No. 21 ovision is made for automatic inter- 
National Hall locking core pulling. 
Brief details of specification: 
® Capacity 8} Ibs Ca aluminiom) 
@ Plunger diameters 32 in 
© Pressure on a 6 150 23,000 
~ Ibs. sq. in. 
® Locking pressure 450 tons 


q © Platen dimensions 35 in = Bm 
e@ Maximum die space 


Please ask for full perro _— the 
many interesting features of this machine. 


The PROJECTILE & ENGINEERING Co. Ltd. 


eee 


Telephone: Macaulay 1212 


KENWOOI 
CHEF FOOD 
MIXER 
























; a new 
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LATHES 


By 
ada in: thet : 
jet ection in Planets | 


SWIFT LATHES are built as both Centre Lathes and Surfacing and 
Boring Lathes, and range from 17in. swing to 72in. swing, with any length 
desired between centres. 

SWIFT-SUMMERSKILL PLANNING MACHINES are built trom 
2ft. Oin. square up to 6ft. Oin. square of any length of table up to 40#t. Qin. 
of both Double Column and Openside types, with either all Electric or 
reversing Two Belt Drive. Special All Electric Feed Motion. 


GEO. SWIFT & SO/ LID. 


CLAREMONT WORKS + HALIFAX - ENGLAND 








JOURNAL OF THE ENSTIEUTION OF PRODUCTION ENGINEERS 








Sturdy, reliable Machines 
for solving your lifting 
problems and_ increasing 
production. 

MADE IN $, I, 2, 3, and 5 TON SIZES. 
THE VAUGHAN CRANE CO. LTD 


MANCHESTER 12. ENGLAND. 
Telephone : EASt 1473 


RITE 





FLAME HARDENERS I? 
SHORTER WORKS BAILEY LANE SHEFFIELD. 


TEL SHEFF/ELD 2/627 
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TYPE C28 


A sturdy machine of 200 tons capacity 
the frame being reinforced with high 
tensile tie bars. The slide air balancing 
equipment is concealed in the sidz 
members, and it is standa 

with the sensitive pneumatic pedal. 


Paes. 





Through the successive years, your HME Power Presses 
withstand hard wear and tear, and function efficiently. It is 
the inherent quality in design, material selection, and final 


construction that culminates in HME performance and 





endurance. Our Technical Representative will be pleased 


to call and discuss your pressing problems. 


HORDERN, MASON & EDWARDS, LTD. 
PYPE HAYES, BIRMINGHAM, 24, ENGLAND 


Telephone: ASHfield 1104 (7 lines) Telegrams: Aitchemmee, Birmingham 
London Office: 4 Vernon Place, Southampton Row, W.C.|I. Telephone: HOLborn 1324 
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by means of 


TEMPILSTIKS: 


A Brand of temperature indicating com- 
position conveniently cast in crayon } 
form which has fixed melting points. 
Also supplied in liquid and pellet form. 
Send for full details to: Dept. W/6. 


J. M. STEEL & CO., LTD. | 


KERN HOUSE 
36/31 Kingsway, London, W.C.2. Holborn 2532/5 
Branch offices: i 
45 Newhall Street, 51 South King Street, 
Birmingham 3 Manchester 2 
Central 6342/3 Deansgate 6077/8 





Tempil Corpn. 
ef America. 











CHECK VIBRATION SHOCK AND 
NOISE 


COMBAT NERVOUS STRAIN 
ARE EASY TO INSTALL 
SAVE MAINTENANCE TIME AND 
COST 





ISOLATE nee UP TO 
4 TONS PER SQ. FT. 


ELIMINATE CUMBERSOME FLOOR 
FIXINGS 


Standard Size 
18° x 18’ x A’ 
Manufactured by : 


VULCASCOT (Great Britain) LTD. 


87-89, ABBEY ROAD, LONDON, N.W.8. 





TELEPHONE: MAIDA VALE 7374 & 7375. TELEGRAMS: VULCASCOT MAIDA LONDON. " 











T 
: 
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"/) jewel bearings 


One forty-thousandth part of an inch is the unit with which 
fine diamond powder is measured. With such powder sapphire and ruby 
7 are ground to produce jewel bearings for watch, chronometer and scientific 
instrument. Accuracy is the key note. Only diamond powders graded to 
close, consistent and fine limits are of use. 





ize 


h’ 









VAN MOPPES & SONS 
(DIAMOND TOOLS) LTD 


BASINGSTOKE - HAMPSHIRE 
TRADE MARKS « DIATIPT « DIADUST « DIATRU - DIANYF « DIATUF « DIAFORM - DIADEX 


TELEPHONE: BASINGSTOKE 1240 




















Screws are noted for their 
” looks. 
They are also famous for 
their accuracy. Available 
up - 7 in. gg a r 
larger if requi n 
for Catalogue. 
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handling cathode ray 


THE BRITISH 


HMON 


gas-fired glass annealing Lehr. 





““‘Wedco” Woven Wire Belt Conveyor 


tubes through 


WEDGE WIR 


MORE OUTPUT AT LOWER COST 


“WEDCO”’ Conveyors and Woven 
Wire Conveyor Belts are ideal for 
handling all kinds of products through 
Furnaces, Tunnel Kilns, Lehrs and Infra-red 
Dryers. The woven wire belts function 
perfectly in temperatures up to 1,150° C 
and their open mesh ensures efficient and 
economic heat distribution. Expansion 
and contraction of the belt is negligible 
and constant adjustment is not necessary. 


Output is greatly increased and the low 
initial cost of the equip combined 


with its long life, results in considerable 
economies. 





Our Technical Representative in your 
area will gladly advise you on handling 
problems. Or may we send our latest 
Catalogues? 


= Se. &7D. 


IRKS, ACADEMY. STREET, WARRINGTON 


We War 








So 
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CHAUDT 


Gear Grinder 


Ensures involute form accuracy 
to within 0.00008 inches by 
precision wheel dressing with 


optically set diamonds 


Here is a production machine for the profile finishing of 
involute straight-toothed spur gears to extremely high 
standards of precision. In two models covering base circle 
diameters from 2”’—10” or 10’—1I8’, diametral pitches 
from 25-4’ —4-23” or 12-7”—2-54”. Each admits 16” between 
centres and can finish gears up to 62” in width. 


Sole British Agent: : 
Full particulars and technical data on request 


> f KES MACHINE TOOL CO. LTD 


. TERMINAL HOUSE - VICTORIA - LONDON :- S.W.} 
Tel: SLOANE 2272 (3 lines) 
Grams: “Sytool, Sowest, London” 
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Design, precision production and final testing 
to 1/10,000 of an inch are the three basic 
reasons for Johansson tap supremacy. For 
higher-grade performance and consistently 
longer life, Johansson are the taps to specify. 
SPIRAL FLUTED TAPS for blind-hole machine 
tapping. Only one tap per set is needed for 

perfect threads in most materials. 
SPIRAL POINTED TAPS for machine tapping 
fe) through holes in most ductile materials. Only 
‘eLCrStON TOOLS AND tUSTRUMERTS OMe tap needed to produce the threaded hole. 


SOUTHFIELDS ROAD DUNSTABLE BEDS. TELEPHONE: DUNSTABLE 422/3 








SCREWHEAD 
SLOTTING MACHINE 


Slots screw-heads up up to ¥% in. dia. in 








brass jj in. dia. in steel, Adjustable 
for depth of slot. Automatic 
ejection. Four cutter 
spindle speeds (440 to 840 
r.p.m.) Belt tension adjust- 
ment. Motor } h.p. 400 v 50 
cycle 3 phase A.C. Coolant can, as illustrated, 


is provided. Tray 164 in. x 18 in. Weight 72 Ib. Model S.S.2. 


Full details and prices on application. 


AG ——_ Tool Company bie oe 


a BANS Ts 





T,A.4811 








4811 
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SPECIAL 
TYPE A.W 
Automatic 
coke con- 
veyor con- 








control 
8 direct- 
switching 
motors 


SPECIAL TYPE A.55 
A composite panel for use on a milling 


machine — comprising interlocked 
isolating switch, star-delta starter for 

p. main motor and 3 h.p. direct- 
sw tching reversing elevator motor. 


Teen hi 


ZEEMS equate 
p teefees Hesse: sesibs} 
~ “Begeare 13331 Babtitae 


The extensive range of Donovan Special 
Purpose Control Panels is produced to 
meet the non-standard requirements con- 
tinually arising in Industry. 





Donovan Designers have great experience 

of special machine tool ; materials handling ; 
general engineering problems ; and can 
assist you in providing the most econ- 
omical and satisfactory solution to your 


panel problems. SPECIAL TYPE A.97 
| Gas fired furnace panel for aluminium 








je proms ens the gas valves 
and circulating fans. 
Send your enquiries to Donovans—the . 


special panel specialists. 


DONOVANS 


THE DONOVAN ELECTRICAL COMPANY LTD 
' Safuse Works ° Stechford ° Birmingham, 9? 
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There are no finer 


springs than 


Springs by Riley 


ROBERT RILEY. LIMITED, MILKSTONE SPRING WORKS, ROCHDALE 
Phone: ROCHDALE 2237 (5 lines) Grams: ‘RILOSPRING’ ROCHDALE 


AN INTEGRAL PART OF THE 
EFFICIENT TOOLROOM 


Smart & Brown Model ‘A’ 
4)” Centre Lathe... 


Features include—large diameter hard- 
ened, ground and lapped nickel steel 
hollow spindle, two long parallel 
adjustable phosphor-bronze bearings 
with ball thrust end washer, twelve 
spindle speeds, swing over bed 9} in. 
dia.—length between centres 20 in. Full 
range of ancillary equipment available. 
Full Data from Stockists or our Sales Office 


SMART & BROWN Machine Tools) LTD. 
24.25. MANCHESTER SQUARE. LONDON WI 


SABEL WORK BIGGLESWADE. BEDS 


ne WELBECK 7941 PBX Cable 


Rathbone 716 
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radial drilling, 
boring and 
tapping 
machine.... 


Ajax 4° 6” machines 
Production boring 
and reaming in our 
own factory. 





* Symbolical 
of Strength.... 


4ft. 6ins., 5ft. and 5ft. 6ins. sizes. 
3ft., 3ft. 6ins. and 4ft. saddle traverses. 
8 speeds in choice of 3 ranges. 

4 rates of power feed at each speed. 
1fin. dia. spindle with 14in. feed. 

3in. capacity in cast iron. 

Completely electrified. 

No friction clutches. 














Write for leaflet AJ4 to 
AJAX MACHINE TOOL CO. LTD. West Mount Works, Halifax, Yorks 


Proprietors: Ada (Halifax) Ltd. 


( AJAX ) macuine toons 
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RATCHET ano REVOLUTION COUNTERS 


FOR EVERY APPLICATION 


PLEASE SEND FOR LEAFLET No. 18/7 
SHOWING FULL RANGE OF 
“ ALBION” 
PRECISION COUNTERS 
SUITABLE FOR SPEEDS UP TO 6,000 R.P.M. 


MEMBER OF THE B.E.S.T.E.C. 
ORGANISATION~ 


“re 
OUR RANGE INCLUDES :— 

RATCHET AND REVOLUTION COUNTERS 
PRE-DETERMINED ELECTRIC AND MAGNETIC 
TYPES, HAND TALLY COUNTERS, SPEED 
INDICATORS, PICK COUNTERS FOR 

LOOMS, ETC. 

Telegrams: “ BRAIDERS” BOLTON, 

Telephone: BOLTON 4344 (3 lines) 





SOLE MAKERS AND PATENTEES 


B. & F. CARTER & CO. LTD, BOLTON, 10 























FOR ADVERTISEMENT SPACE 


in this Journal 


PLEASE CONTACT 


T. G. SCOTT & SON LIMITED, 








Talbot House, 9, Arundel St., 
London, W.C.2. 


(Telephone: Temple Bar 1942) 











RATES AND FULL CIRCULATION DETAILS ON REQUEST 
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| The operator 














DUPLICATE CONTROLS 


at front and rear enable the operator to 


| get more production with minimum 


effort and maximum efficiency. 





















knows this and 
it is ONE 
reason 

why he 
prefers 
CINCINNATI 
Dial Type 
and 2 MI 


MILLERS 





CINCINNATI MILLING MACHINES 
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‘ARCHER 
Qucck Change 
COLLET CHUCK 


The Latest and 
Most Modern Quick Change Chuck 
ONE HAND ACTION 


NON-STOP change of tools in the quickest 

possible time. Positive drive from top of collet 

in direct spindle line. Free movement safety 

collar on collet protects hands from danger of 
revolving tool. All parts 
thoroughly hardened and 
accurately ground ensuring 
permanent  concentricity 
and long life. 











INTENDED FOR MORSE TAPER 
SHANK DRILLS, BUT CAN BE 
ADAPTED FOR STRAIGHT 
SHANK DRILLS BY THE USE 
OF A SPECIAL “ MARVEL’ 
KEYLESS DRILL CHUCK, 
WHICH HAS THE BODY FORMED 
INTO A COLLET SHANK. 
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FRANK GUYLEE & SON LTD 


ARCHER TOOL WORKS - MILLHOUSES - SHEFFIELD 8 








RIVETING HAMME 


Noted for their easy control and vibratig 
free running, . High-speed, power 

*sehipping .and_. riveting hammers, wi 
* Spécial iain and auxiliary valves ay 
fextr4-Sénsifive throttle. The range cove 
li Glasses of. are 


Matching the machine 


and the need 


wre 


*¢ 
¥ 
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HOLMAN 


LEADERSHIP IN . 


¥ 


PNEUMATIC --- TOOL 





ROTODRILL 
New Series—with interchangeable moto 
Simply constructed, robust and free fro: 
vibration. Automatic lubrication. Revers§ 
ing mechanism gives equal power in eit 
direction, and a stalled drill can 
restarted at once. 


DEVELOPMENT 


Unremitting research and experiment 
have enabled Holman Bros. to 
develop numerous fresh and effective 
applications of compressed-air power 
to the needs of industry Pneumatic 
Tools made in Camborne can be seen 
at work in many of the world’s best- 
known motor-car factories, railway | 
works, shipyards, oil refineries and : 
public works enterprises. In nearly } 
every branch of industry, new needs | q ROTOGRINDS 
have brough t anew and improved | New Series—with interchangeable motors. 
Holman Pneumatic Tools. Complete range of precision-grinding and 
heavy-duty tools for internal grinding, 

cleaning castings, polishing, buffing, 

% Full particulars of all scaling, fettling, etc. Simple, efficient, 
Holman Pneumatic Tools smooth-running, quiet. Straight and grip 

gladly sent on request. Vv handles supplied, 


a ee ee ae ae ae a ae a ae a a ae ea a a ta ea er er er er ee 


CAMBORNE. ENGLAND 


TELEPHONE: CAMBORNE 2275 (9 LINES) TELEGRAMS: AIRDRILL, CAMBORNE 
SUBSIDARY COMPANIES, BRANCHES AND AGENCIES THROUGHOUT THE be 
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